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ABSTRACT 
The need for a lifecycle assessment tool for packaging designers is the basis for this 
investigation. There is a need for a tool that informs, assists and educates designers during their 
design process. This need can be concluded from a review of existing literature which explains the 
function, processes, and types of packaging, their ecological impacts, and the role of designers 
toward the environment. This need is further demonstrated by analyzing and evaluating the 
environmental problems associated with packaging. In response to this demonstrated need, this 
paper evaluates the available sources of information, and proposes a lifecycle assessment interface 
prototype. Design of the prototype responds to existing theories and guidelines of how information on 
the lifecycle assessment of packaging should be presented to designers. 
CHAPTER 1 
INTRODUCTION 
Unless information on materials, processes and their impact in the environment is difficult to 
find or it is not available to designers, there are no excuses for packaging designers to ignore their 
role in the environment. Designers need to have a great understanding of how their decisions on 
selecting materials, processes, use and disposal of their packaging, as well as how all these phases 
can affect the environment. By understanding that impact, packaging designers are able to make 
better decisions during the design process balancing the well of the product, the consumer and the 
environment. 
Packaging plays a very important role in our society by protecting products and insuring they 
reach the consumers in good condition, delivering hygiene and safety, enabling the product to be 
handled, stacked, stored and transported easily. Packaging attracts consumer and identifies the 
product in the store. It provides information and usage instructions to help consumers use it 
effectively. In addition, ideally, packaging should at the very least try to minimize environmental 
damage. 
In order to create a package that will cause less environment damage, designers should have 
a broad knowledge about materials, and their life cycle. This information would enable designers to 
understand the complete life cycle of the package they create, from extraction of the material through 
manufacture, distribution, use until disposal. During all these phases, the emissions of pollutants on 
the air, in the water and in the land occur. Besides pollution, packaging consumes high amounts of 
energy and non-renewable resources. During disposal, through incineration or landfill, hazardous 
ingredients can be dispersed into ground water or in the air. 
All these problems show the urgency for designers to take action to limit the impact of 
packaging in the environment. Using of minimum packaging, making reuse and refill containers, 
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choosing the right material, reducing the number of containers, and creating a secondary use tor 
packaging are some of decisions designers can make. 
Negative consequences of packaging in the environment can be reduced if designers are 
aware of it. Designers must be educated and aware of the pollution emissions and the use of 
resources prior to initial design processes and decisions regarding selection of materials and 
processes. 
Unfortunately, not many designers have a great understanding of the problem. Typically, 
packaging designers are trained in design programs that focus on the graphics, structure, and 
materials in packaging and neglect the ecological content. Because of their lack of exposure to 
ecologically related issues, packaging designers don't know how they can collaborate with the 
environment. Unlike other professionals, architects, tor example, packaging designers are not 
licensed or certified, so there is no absolute body of knowledge they must prove mastery of in order to 
practice design. Furthermore, groups that require licensing often have formal structures in place tor 
continuing professional education. 
One reason that designers might be so uninformed in this area might be related to the lack of 
compiled and organized information made for designers. This information can be found in books, 
software, web sites and environment consultants, however, none of these methods have so far taken 
an approach that would suit the way designers think, assimilate and communicate information. If 
these methods were effective, changes in the impact of packaging should start to be seen. 
The problem is that using these means requires money, and a great amount of time to go 
through all these information, looking at books, searching the internet, getting hold of the 
environmental consultant, or learning to operate a new software. 
The literature review gives an overview of the history of packaging, functions, types, 
environmental concerns, explains about the packaging industry, materials, processes and their 
environmental impact, infrastructure, life cycle assessment, the key players, the role of the designers, 
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understanding designers, information design and what and how these information is available. Most 
of the information in the literature review is specific to the United States. 
To validate the thesis, the methodology analyses existing over-packages and a survey on the 
lack of a tool for designers. It provides packaging designers a comparative analysis between existing 
sources and a proposed improved tool. The methodology proposes, compares and analyses a 
prototype of an interface design tool that informs designers of the environmental impact of their 
packaging and suggests a more friendly environmental option. The prototype also gives alternatives 
to materials according to specific proprieties the package needs to fulfill. Designers need to enter 
some prior information for this tool to be operated since it interacts graphically. This tool then allows 
designers to compare packages with different materials, it shows and explains why a certain material 
or process produces more air pollution than others. Therefore, designers are able to understand all 
the phases of a package and its life cycle analysis. 
A Brief History of Packaging 
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CHAPTER 2 
LITERATURE REVIEW 
In his Handbook of Package Materials. Stanley Sacharow notes that the difficulty in defining 
packaging is related to its many functions in the commercial cycle, such as acting as a physical 
container, protecting and maintaining product quality and appealing and attracting the consumer. He 
mentions packaging's prehistoric origins, when early man must have carried water in a crude cup 
shaped from a large leaf, a clamshell , or a joint from a bamboo stem. From such beginnings, it's easy 
to see how clay bowls may have been the first man-made package or container, crudely shaped 
bowls and pots simply left to dry in the sun. Man's use of fire was followed by his learning to bake clay 
vessels and more advanced packages. For example, it is known that more than four thousand years 
ago, glass bottles were used by the Egyptians. Even the pyramids can be considered deluxe 
packages since they preserved their contents essentially in original form for thirty or more centuries 
due to the fact that they are moisture-proof, tamper-proof and impervious to light (Sacharow 1 ). 
Jane Bickerstaffe and Elaine Barrett, in Packaging in the Environment, note that "as 
European agriculture developed and the Egyptian, Phoenician, Greek and Roman civilizations 
progressively began trading food and perfumes, then pottery, glass, metal, leather and wood became 
fashioned and shaped into amphora, bottles, pots, bags, baskets and barrels and became widely 
used as packaging. Often the containers were decorated to identify their contents" (34). The 
decorations by these civilizations became an important tool used by archeologists, seeking to reveal 
history. 
In Medieval times, the main function of packaging was containment. People lived close to the 
source of their food and simple containers were used to store fresh produce and other foodstuffs that 
had been preserved by drying, salting or smoking. However, these packages such as, barrels, crocks, 
urns and pots left food vulnerable to insects, animals and microorganisms. The microorganism-
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affected foods became poisoned, a common source of sickness and death (Bickerstaffe and Barrett 
34). 
Over time, as agriculture became more efficient, farmers were able to sell surplus food in 
open-air markets. Such markets evolved into permanent shops with a need for packaging, which 
frequently took the form of wrapped parcel or wooden boxes. Such use of containers was the domain 
of the shop clerks, who waited on their customers and then had to open the packages of the goods 
they purchased, weigh or measure them and re-pack them. Often, their customer's purchases would 
end up in yet another container in their home. Volatile and expensive goods, the most exclusive 
goods of the day, such as perfumes, medicines, oils and gunpowder were the only ones that were 
available in individual packages. i The use of packaging to differentiate products became common by 
the eighteenth century. As Bickerstaffe and Barrett point out, "By 1700 glass bottles had replaced 
earthenware ones for wine in several countries and decorative glass seals on the shoulders of the 
bottles became fashionable status symbols for wine merchants and the wealthy" (34). 
Just as packaging became useful as a selling tool, it also became a means to control the 
quality of products sold to the general public. As disreputable merchants sought to increase their 
profits by adding ashes and sawdust to bread, watering their milk, and otherwise diluting their 
products, reputable merchants banded together to impose quality standards on their industry. In 
England, as a result of public pressure, the government began to legislate against food adulteration. 
Standard regulations were introduced, such as the Adulteration of Food and Drink Act in 1860, and 
the first Food and Drugs Act in 1872 (Bickerstaffe and Barrett 35). 
Bickerstaffe and Barrett explain that until the nineteenth century packaging was mainly used 
to transport goods from their place of production to the customer. However, with the rapid 
urbanization and industrialization, and the movement of people from the countryside, close to the 
sources of food, to the city caused a change in the role of packaging. Packaging's role evolved from 
one of containing products to one of protecting them as well as inaugurated the search for better 
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methods of preserving food. Thus, packaging became central to the development of long-life 
preserved foods, such as canning and bottling (35). 
By the end of nineteenth century, changes were taking place in retailing. Shops selling goods 
that had been manufactured elsewhere started replacing the shops of producer-retailers, such as 
bakers, tailors and bootmakers. Therefore, it was cheaper to buy in bulk directly from manufacturers; 
consequently, stores became larger and began selling a wider range of goods. With the increasing 
costs of labor, self-service shops were developed in the USA and spread rapidly to Europe and other 
parts of the developed world (Barrett and Bickerstaffe 38). 
The supermarket, another American creation, is the principal example of self-service 
shopping. It enables the sale of a very wide variety of goods in one store. Eliminating the role for the 
shop clerk in the selection and wrapping of purchases and lowering prices to the consumers were the 
two dramatic effects that resulted from the supermarket. As a result, the role of packaging increased 
significantly because it had to help the products to "sell themselves" , and it had to compensate for the 
lack of information by carrying more information on the labels. In addition, goods had to be packed to 
fit on store shelves because there was no longer anyone to weigh or measure them. Finally, because 
customers were now handling products while making their choices, goods also had to be packed for 
reasons of hygiene (Barrett and Bickerstaffe 38). 
The importance of packaging has only increased over time and packaging's role has grown 
from a purely economic one. Canty, Kopf, Montrone and Stilwell in Packaging for the Environment 
argue effectively that packaging is the ultimate symbol of our consumer culture: it tells the story of our 
technological achievements by protecting what we buy, preserving our food, and raising our standard 
of living. "And through Andy Warhol's vision, the Campbell 's soup can and the Brillo box have even 
been elevated to an art form . At the same time, packaging is also the largest single contributor to the 
United States most troubling environmental problems: the municipal solid waste crisis . . . " (Canty et 
al. 1). 
7 
Functions of Packaging 
Dorothy Mackenzie in Design for the Environment defines the main function of packaging as: 
... to ensure that the product inside reaches the consumer in good condition ... Packaging 
also delivers the benefits of hygiene and safety ... lt enables the product to be handled easily, 
stacked, stored and transported. And, of course, packaging helps consumers identify the 
product in the store .. . Finally, it is a major communication vehicle, providing information and 
usage instructions. (90) 
It Canty et al. also write that "packaging and its materials must meet functional expectations, 
such as containment, preservation, product compatibility, communication, and structural strength, at a 
reasonable cost. There are also promotional aspects: the attractiveness of the package, its 
convenience, and its ability to sell the product" (37). In their pursuit of this goal, manufacturers are 
constrained by federal, state, and local regulations. Among the various bodies exercising regulatory 
control are the Environmental Protection Agency (EPA), the Occupational Safety and Health 
Administration (OSHA), the Food and Drug Administration (FDA), and many, many others (37). 
Barrett and Bickerstaffe approach the functions of packaging by dividing in three groups: 
containment and protection, preservation, and communication. 
,,_ Containment and Protection 
Some products can not be consumed far from the site of manufacture without packaging. For 
example,'it would be difficult to carry vegetables or eggs home from shopping without some form of 
container. The most important function of packaging is to protect the product from spoilage. It serves 
as a barrier between the product and the hazards of the environment. Packaging protects dry 
products from exposure to moisture and water or other gases or liquids. It also protects 
pharmaceuticals, insecticides and vitamins to deterioration from oxygen reaction. In addition, 
packaging protects products from light, dirt, bacteria, fungi, insects and animals, and it is a major 
factor in determining the shelf-life of the product (44). 
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Preservation 
Packaging slows the rate of deterioration by acting as a protective barrier to foodstuffs. As 
consumers demand more natural foods, packaging takes on the role that preservatives previously 
filled. The "modified atmosphere" of packaging alters the ratio of gases in the air-space inside the 
pack, producing conditions which help to decrease changes to food products or microbial growth on 
the contents of packages (45). 
Jf · Communication 
Packaging is also the primary way that the manufacturer communicates with the consumer. 
It identifies and describes the product, and helps to differentiate the product from other similar 
competitive products. A certain amount of information is required by law to be carried in a prominent 
place on the packages of food, drink and pharmaceuticals products. This information includes: what 
the product is, how much there is, who made it, its ingredients, where it came from, how to use the 
contents and how not to use them, when to "sell by" and when to "use by", a bar code for pricing and 
management control, instructions for disposal, and often, its price (45). 
Product manufacturers use packaging to differentiate their products to create brand image 
through attractive surface design and illustration. Packing also provides a medium for point-of-sale 
advertising, a visual cue to stimulate consumer repeat purchases (46). 
To these three categories, Susan Selke adds convenience. According to Selke, convenience 
includes all aspects of the package, which make the product easier to use. Examples of this are: 
single-serving frozen dinners and entrees, ready-to-eat salads, and package features such as flip-top 
caps on toothpaste and special dispensing features on aerosol upholstery cleaner (3). 
Further, a product's chain of distribution requires a number of different functions to be 
performed by its packaging. Distributors value packaging that is durable, easy to move and store, and 
inexpensive to transport. A retailer wants a product that will be easy to identify, reflect the selling 
points of the product, and that is miserly with space. Finally, consumers want to be able to enjoy the 
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products they select and that means wholesome foods, undamaged goods and packaging that allows 
them to get the product home intact (Barrett and Bickerstaffe 47) . 
· V Types of Packaging 
Barrett and Bickerstaffe divide packaging in five non-exclusives, overlap categories. 
1. Primary, Secondary and Tertiary Packaging 
Primary packaging of a product is the first line of protection. Because it is the material in 
direct contact with the product, it serves as a barrier between the product and the hazards of the 
external environment. Secondary packaging is the form in which the primary or sales packs are often 
delivered. In combination with the primary packaging, it provides the retailer and the consumer with a 
more convenient means of handling the product. It can also protect the primary packages from one 
another, and thus protect the product. Tertiary or transport packaging must ensure the safe and 
efficient delivery of products from their point of manufacture to the next point in their distribution 
chain. "It may be required to hold together a number of packages ... and it must protect the goods 
from the shock, vibration and stacking compression encountered in the distribution chain" (40). 
2. Returnable, Non-returnable and Recoverable 
Returnable package means refillable and reusable 'multi-trip' packaging and non-returnable 
usually means disposable 'one-way' packaging. Recoverable packaging is known as "any packaging 
for which the raw materials can be recycled and reused for the original purpose or other purposes, 
composted, regenerated or for which the energy value can be utilized as a source of energy 
generation" (41 ). 
3. Commodity Packaging 
Commodity packaging is usually kept very simple, while still providing safe delivery of the 
product, from the manufacturer, through the distribution and retail chain, to the consumer. All the 
layers of packaging fulfill a different function, protecting against various hazards such as moisture, 
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light, oxygen, pets or crushing. Examples of commodity packaging are found on staple foodstuffs and 
household goods such as butter, sugar, flour and detergents (42). 
4. Convenience and Functional Packaging 
Convenience packaging and functional packaging for products are usually complex and 
sophisticated. Their design has to reconcile the fulfillment of specific consumer needs with 
minimization of resources. Some of these needs include: to be oven, microwave and/or table ready; 
extend the shelf-life of perishable products through the use of modified atmosphere packaging; be 
tamper evident; or need to be child resistant, easy to open for the elderly, or to dispense measured 
amounts of the product (43). 
5. Luxury Packaging 
Luxury packaging is intended to convey extravagance; it is an indulgence rather than a 
necessity. It is often an integral part of the product being sold. The products are often bought as gifts 
such as chocolates and perfumes (44). 
Over time packaging has evolved to reflect both the needs of the consumer and the needs of 
the producer. Consumer's concern about the environmental impact of packaging has been seen in 
many recycling laws. Even McDonald's has abandoned foam sandwich containers at the request of 
its customers. Below are some of the recent trends in packaging (Table 1 ). 
Environmental Concerns of Packaging 
Ozone Depletion 
As is well documented, the ozone layer located 12 to 15 km above the surface of the 
earth forms a protective shield against ultraviolet radiation from the sun. Damage to living 
substances, such as skin cancer in humans, as well as changes to the climate and to the ecosystem 
can be caused if the ozone layer breaks or thins. The presence of chlorine in the atmosphere, 
released by the breakdown of chlorofluorcarbons (CFCs), destroys ozone molecules and accelerates 
the natural process of breaking down the ozone layer by the UV rays. CFCs are used as blowing 
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Table 1. The evolution of trends in the packaging industry (Canty et al. 7) 
The '60s • Convenience as a basis of competition - "throw away society" 
• POP marketing- "the silent salesman" 
The '70s •Fragility assessment- analytical design for movement 
• Energy shortage- lightweighting (the first source reduction) 
The'80s • Malicious tampering- "safe" packaging 
• Extended shelf life- barrier technology; controlled atmosphere 
technology 
• Quality- sensory issues 
• Industry restructuring- "evaporation" of resources 
The'90s • Environmental issues 
agents for plastic foams such as packaging materials and insulation; as propellants in aerosol sprays, 
and as solvents for cleaning electronic components; and as refrigerants (Mackenzie 26). 
Canty et al. explain further about the ozone depletion: 
Ozone depletion has been linked to a number of packaging materials and products. 
Polystyrene foam was once produced by a process that used chlorofluorcarbons (CFCs) as 
blowing agents; the process released CFCs into the atmosphere, where their photochemical 
byproducts erode the earth's protective ozone layer. CFCs used as refrigerants and aerosol 
spray propellants are also linked to ozone damage. In response to this serious problem, 
(U.S.) industry has implemented alternative manufacturing processes, developed alternate 
blowing agents, or switched to other materials. Aerosol spray containers use alternative 
propellants, and have been widely replaced by pump-spray bottles and other forms of 
packaging. And the recycling of polystyrene foam is emerging as a young and promising 
industry. (9) 
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The Greenhouse Effect or Global Warming 
Gases in the atmosphere insulate the earth, impeding some of sun's heat to escape into 
space. Agricultural development and industrialization have resulted in increases in the concentration 
of some gases in the atmosphere, trapping more heat, an effect commonly known as global warming. 
''The main cause is an increase of 25 per cent in the last two hundred years in the amount of carbon 
dioxide produced by the burning of wood, oil, and coal. Other gases such as methane, 
chlorofluorcarbons (CFCs) and nitrous oxide are also playing a role" (Mackenzie, 24). Methane is 
produced from the decomposition of organic materials by bacteria and anaerobic conditions. It is 
largely found in the landfills. As it was noted before, CFCs are used for the manufacturing of 
packaging materials and insulation. Also, many undesirable emissions of nitrogen oxide result from 
transportation, electrical utilities, fuel combustion and other industrial processes associated with the 
packaging industry (Selke 44). 
The growth of concentrations of greenhouse gases could cause an increase in the global 
annual mean temperature. Such an increase would have serious changes such as redistribution of 
areas of land suitable for agricultural production and rises in sea levels. According to Mackenzie, 
''world energy use doubled between 1930 and 1960, and doubled again between 1960 and 1984, the 
vast majority of the energy supply coming from oil, coal and gas." Reducing the amount of energy 
produced in the first place, preserving the earth's forests, developing alternatives to fossil fuels, and 
reducing emissions of carbon dioxide would be some of the ways to avert the greenhouse effect (24-
25). 
Landfill 
Packaging is the most complex, largest and fastest growing component of municipal solid 
waste. According to Canty et al. "Between 1958 and 1976, per capita consumption of bottles, cans, 
boxes, wrappers, and other packaging increased by 63 percent in the United States. In the year 1990, 
packaging accounted for more than 30 percent of municipal solid waste stream" (Figure 1 ). 
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Consumers have been concerned with the visibility of packaging in the waste stream: "it 
accounts for around one-third of household waste in most countries in Europe and North America, 
and is a clearly recognizable component of litter'' (Mackenzie, 90). Producing and disposing of 
packaging can cause pollution in the manufacturing process; it can consume energy and non 
renewable resources; and it can dispersed hazardous ingredients into ground water or the air during 
disposal through landfill or incineration (90) . 
Municipal solid 
stream 
/ 
i=::::::::=:i Aluminum 2.3% 
1-----1 Wood 4.5% 
t------l Steel 6.5% 
Packaging 
waste 
Glass 24.5% 
Plastics 14.5% 
Paper47.7% 
Figure 1. Components of Municipal Solid Waste and Types of Packaging Waste, by Percent (Canty et 
al. 2). 
The municipal solid waste crisis is one of the top environmental concerns. The main risks 
associated with municipal solid waste are: exposure to toxins, which can leak from landfills into water 
supplies; and landfill capacity shortage. Packages that make the greatest contribution to the 
municipal solid waste crisis are those that have a high rate of growth in usage , that are not functional 
and are thus superfluous, that are exceptionally larger, that are potentially toxic, that have a short life 
span and those that are produced in high volume (Canty et al. 1 O). 
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According to the United States Environmental Protection Agency, municipal solid waste 
generation in the United States has doubled in less than three decades, from 88 million 
tons in 1960 to nearly 180 million tons in 1988 - 4 pounds of waste per person per day. And 
the garbage is mounting at a much faster rate than the EPA had earlier predicted. As recently 
as 1986, the agency forecast that waste generation would not reach 4 pounds per person per 
day until the year 2000; the EPA now projects that by 2000 the United States will generate 
216 million tons per year, almost 4.5 pounds per person per day. (Canty. et al. 4) 
In Sustaining the Earth, G. Tyler Miller gives more updated information about municipal solid 
waste: in 1995, 24 percent of the resources produced in the United States was recycled or 
composted; the other 76 percent was either dumped in landfil ls (60 percent) or burned in incinerators 
and waste- to-energy plants (16 percent) at a cost of about $40 billion (296). 
Litter 
In 1964, a campaign against litter, "Every litter bit hurts" was the rallying cry of what was 
positioned largely as an aesthetic issue: "Litter was ugly". Yet, we now realize that litter is not only 
dangerous to wildlife, but it is also expensive to clean up. The imposition of mandatory deposit laws in 
eleven states in the U.S. was the result from this campaign affecting mostly products such as 
beverage containers (Canty et al. 8). 
One major target of the litter cleanup campaigns was the fast food industry. Consumers that 
were concerned specifically about litter boycotted these restaurants. In the 1970s, the fast food 
business was viewed as an extravagant waster of paper, used in such things as French fried potato 
boxes, burger wrappers, cups, take-out trays, bags, napkins, and even luncheon tray liners. "During 
the 1970's, a decade of serious paper shortages, restaurant chains like McDonald's became the 
object of consumer boycotts and "Save a Tree" campaigns" (Canty et al. 8-9). 
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Commercial Forestry and Tropical Deforestation 
The related problems of commercial forestry practices and tropical deforestation are 
responsible for much of the damage related to packaging and the world's forests. According to British 
designer and researcher, Anne Chick, in The Graphic Designer's Greenbook , "about 90 percent of 
the wood used for papermaking is provided by commercial forestry ... Perhaps 1 percent of the world's 
papermaking fiber comes from rain forests". Paper producers clear sections of rain forest to make 
room for fast growing pulp trees, such as eucalyptus. These fast growing trees planted and grown 
using what are called "monocultural forestry practices" can destroy local flora and fauna and lead to 
the disappearance of local forest species. These forestry practices which include drainage systems 
for tree planting, the use of fertilizers to promote growth, the use of herbicides and pesticides to 
protect the crop, and the increased acidity of soil and water supplies may damage natural habitats 
even beyond the boundaries of a particular forest (38). 
Mackenzie also describes this problem. She states that "Between the early 1960s and the 
mid -Eighties, three quarters of a billion acres of forest were lost". The destruction of worldwide 
tropical rainforests is a major cause for concern. It is estimated that within eighty years all rainforests 
will have disappeared, if the current rate continues. There are many factors that cause tropical 
deforestation: the burning of wood to support the population's energy requirements; population growth 
forces people to try to cultivate forested land; "commercial logging is an essential generator of foreign 
currency in many countries and in large areas of South America, cattle ranching has caused the 
destruction of rainforests" (28). 
According to Mackenzie, the major effects of tropical deforestation include: 
1. the interference of local climates, possibly leading to desertification due to changes 
in rainfall patterns, 
2. desertification, and the loss of habitat for local people, 
3. and the destruction of species, since rainforests contain a wide diversity of animal 
and plant life. 
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In addition, the destruction of large areas of forest contributes with the greenhouse effect and 
brings global climate change, since the world's forests act as absorbers of carbon dioxide (Mackenzie 
27, 28). 
Wildlife Endangerment 
Loss of wildlife habitat is another biodiversity issue related to packaging. As noted in the 
preceding section, wide use of monocultural forestry practices to create raw materials for 
papermaking can destroy local wildlife habitats and drive wildlife away (38). One famous example of 
this phenomenon is the destruction of the spotted owl habitat in the Pacific Northwest. 
Specific elements of packaging systems may also cause problems for wildlife. For example, it 
was learned that fish are attracted by the bright metallic shine of the pull-tabs on beverage cans 
discarded in waterways. If swallowed, these metallic pull-tabs can cause death or injury because of 
their sharp edges. Land animals also face the danger of swallowing the sharp tabs. To solve these 
problems, pull-tabs were widely banned and replaced by "ecology lids" with no throwaway parts. 
Another example is given by Canty et al., "Plastic carriers for six-pack cans have also been identified 
as a threat to animals, especially waterfowl, that might be choked or strangled by them. These have 
been widely replaced by degradable carriers, and state bans are in effect against the non degradable 
variety" (9-10). Frequently, however, when such specific problems are identified, steps are taken to 
correct them. 
Resource Consumption 
Dorothy Mackenzie points out that "responsible management of renewable resources and the 
conservation of natural resources lie at the heart of the concept of sustainable development, which 
will become essential theme for politics and industry ... Using up non-renewable resources is an 
evident concern, but simply increasing consumption of renewable resources may not be the solution" 
(35). 
Resource consumption during packaging should consider not only the materials which 
packages are made of, but also the resources of energy used during extraction of raw materials, 
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manufacturing, distribution and the energy required for transporting products. According to Selke, it is 
estimated that about 3 percent of the total United States energy requirements, were used for the 
production of raw materials for packaging manufacturing (Gaines1981 ). This excludes energy used in 
forming packages, filling, distributing, etc (16). 
Among packaging materials, only wood and paper-based packaging use a renewable 
resource. Nevertheless, a high amount of energy is expended during the papermaking process. 
Glass and steel packaging are not made from renewable resources, and raw materials are still 
plentiful, but glass manufacturing is energy intensive, and glass contributes to high transportation 
energy costs due to its heavy weight. Tin and chromium for coating steel are scarce, but, because the 
amounts used in packaging are so small, supply does not appear to be a problem in the near future. 
Aluminum itself is plentiful, but ore-grade resources are much less common, and aluminum uses very 
large amounts of electrical energy in refining the metal from ore. For. the most part, plastics are based 
on petroleum and natural gas for the energy of manufacturing and for the content of material. Though, 
plastic production accounts for less than 2 percent of United States consumption of oil and natural 
gas (Selke 30-31 ). 
Since resource consumption is only one of many ecological considerations, it is difficult to 
have a correct answer for which materials are the least environmentally damaging among synthetic or 
natural, virgin or recycled. For example, growing trees for harvest, e.g., eucalyptus trees planted 
outside their natural growing areas, can cause disruption of local eco-systems and soil erosion. 
Plastics contributes to the depletion of non-renewable resources, yet, the fuel consumption of 
vehicles can be decreased because plastic products are generally lightweight (Mackenzie 35) . Still, 
the use of petroleum-based liquid fuels is essential in the transportation of packaging materials and 
packed goods. 
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Water Pollution 
Mackenzie mentions that there is insufficient supply of clean water to meet the demand of the 
growth in population and the increasing use of water for industrial purposes. The United Nations 
conference Earth Summit+5, June 1997, New York corroborates her observations: 
.. . a number of developed countries are facing stressful conditions with regard to the 
utilization of their water resources, in many cases due to deteriorating quality. Freshwater 
reserves continue to be used as a sink for the dumping of wastes from urban and industrial 
sources, agricultural chemicals and other human activities. Current estimates indicate, for 
instance, that about 90 per cent of wastewater from urban areas are discharged without any 
treatment in many developing countries. Altogether, water quality has degraded rapidly, and 
in some regions has become so bad that groundwater is not suitable even for industrial use. 
(United Nations) 
In addition to possible dangerous effects on the drinking water supply, water pollution creates 
major problems for wildlife and plants, a problem that is anticipated to increase. Pressure is 
increasing for industry to present waste management systems that do not emit harmful substances 
into water. However, there are many processes that use very large volumes of water where cleaning 
it may not be practical, such as the use of chlorine to bleach paper. Yet, hydrogen peroxide or other 
less polluting cleaning agents have been used in many paper mills. "Some dyes, such as cadmium, 
may also cause harmful emissions, and many some others dyes are considered not to be fully 
biodegradable" (Mackenzie 34). 
Acidification 
Sulfur oxides, especially sulfur dioxide, are the prime responsible in acid rain. Sulfur oxides 
are formed whenever sulfur-containing fuels are burned. They are emitted by the pulp and paper 
industry, both directly and indirectly, in their consumption of fuel. It is estimated that the acidity of 
rainfall in the eastern half of the United States has increased about fifty times during the past twenty 
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five years. Some rain has been measured at the acidity of lemon juice. "Acid rain damages vegetation 
and has caused some lakes to became so acidic that they are virtually dead" (Selke 35). 
Eutrophication 
Miller defines eutrophication as "physical, chemical, and biological changes that take place 
after a lake, an estuary, or a slow-flowing stream receives inputs of plant nutrients, mostly nitrates 
and sulfates, from natural erosion and runoff from the surrounding land basin" (A 18). He adds that 
human activities can greatly accelerate the input of nutrients to lakes near agricultural or urban areas, 
resulting in a process known as cultural eutrophication. These nutrients overload during hot weather 
produces dense growths of algae, cyanobacteria, duckweed and hyacinths resulting the depletion of 
dissolved oxygen in the surface layer of water near the shore, as well as in the bottom layer. The 
depletion of oxygen can kill fish and other aquatic animals. Gaseous decomposition products such as 
smelly, highly toxic hydrogen sulfide and flammable methane can be produced if excess nutrients 
continue to flow into a lake (284). 
Miller illustrates the problem saying that "about one-third of the 100,000 medium to large 
lakes and about 85 percent of the large lakes near major population centers in the United States 
suffer from some degree of cultural eutrophication. A quarter of China's lakes are classified as 
eutrophic". However, some ways to prevent or reduce this problem are: advanced waste treatment, 
bans or limits on phosphates in household detergents and other cleaning agents, and soil 
conservation and land-use control to reduce nutrient runoff (284). 
Packaging Industry 
Structure 
Even though packaging is a vital contributor to the economy at a national and global level, it 
is very much an invisible commodity, irrelevant to the majority of American consumers. When 
packaging does become a concern, such as in the case of the single-serving juice box, or of aerosol 
sprays, there is a tendency to focus on single and isolated issues and to seek simple answers. In 
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other words, "giving little thought to the broad implications of those narrow solutions" (Canty et al. 34). 
There is a wide and complex universe of industries and issues behind the package that must be 
addressed before constructive change can take place (34). 
The packaging industry is comprised of many industries and is a key determinant of success 
in the manufacturing, marketing, and distribution activities of other industries. The supply side of the 
packaging market includes industries extracting base materials such as wood, metal, ore, and sand, 
as well as those companies that process those materials: paper mills, aluminum processors, 
petrochemical companies, glassmakers. (Canty et al. 33). 
Perhaps the simplest picture of the structure of packaging industry as a whole is the 
sequential relationship as follows (Figure 2). 
Raw material suppliers 
Material processors 
Equipment makers 
Converters 
Regulators 
Packers 
Distributors 
Retailers 
Consumers 
Waste mana ement sector 
Figure 2. Structure of the Packaging Industry (Canty et al. 35). 
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This packaging sequence starts with the supply of resources, the mining or gathering of raw 
materials, such as sand for glass, wood for paper, crude oil and natural gas for plastics, and bauxite 
and other ores for aluminum packaging. Industries at this level are the first link in the chain, including 
logging, petroleum refining and natural gas processing, and metal and mineral mining. The materials 
processors include the various facilities that turn the raw resource into materials, such as paper, 
metal, plastics, and glass. The industries at this level are pulp and paper mills, steel foundries, 
aluminum mills, petrochemical plants and glass container companies (Canty et al. 36). 
The converters include a variety of companies that enhance the basic materials and combine 
them with other materials. They are specialty business that provide custom materials on demand, for 
example, corrugated fiberboard boxes, folding cartons, aluminum foil laminated to paper. This 
industry also includes coatings, adhesives, caps, and labels. The packers are the producers of 
packaged products. They are the first ones to define the actual package at the consumer end. 
Packers are sometimes integrated forward to the retail outlet and commonly integrate backward, to 
capture their own source of supply. 
Canty et al. defines the distributors: 
In the distribution business, we move into the area of industrial packaging. Distribution 
requires packaging for the safe and efficient movement of goods from one point to another. 
Industrial packaging has to protect the product and protect the rest of the freight from the 
product. It has to meet industry-standard handling requirements. And it has to add value in 
terms of reducing the costs of handling and distribution to the consumer. (39) 
At the retailer level, consumer packaging sells the product and delivers product claims. "The · 
retail package does the point-of-purchase sales job by displaying information about the product and 
describing features that distinguish the product from its competitors ... " (Canty et al. 40) . The 
package is designed to get attention from the consumer on a retail shelf that is crowded with 
competitive products. Convenience is also a contributing factor at this level. 
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''The consumer level is where the package performs its intended function, and where the 
environmental impact of the package is ultimately determined" explain Canty et al. A package 
designed for recycling cannot be successful unless the consumer separates and returns the package 
to a waste management system, where an accessible infrastructure exists. "While the packaging 
industry can design its products to influence and instruct the consumer, the decision making remains 
in the consumer's hands" (42). 
Environmentalists are now active in the legislative process, as well as participants at the 
consumer level. By understanding the full structure of the packaging industry, the obstacles and how 
they can achieve their agendas, they can be more effective. Finally, to be better equipped to initiate 
successful environmental responses, the packaging industry needs to understand what 
environmental-minded consumers are seeking, and are willing to pay for (Canty et al. 44). 
Packaging Materials, Processes and Their Ecological Impact 
While consumer appeal, convenience, utility, and cost have been the criteria to select 
packaging materials and designs, we are now beginning to see a new set of design and selection 
criteria: the environmental consequences of the manufacture, use, and post-use fate of the package. 
It is the selection of material, its processing, its construction, and how and where is disposed that 
determines the environmental impacts of the package (Canty et al. 46). 
According to David Beynon in Packaging in the Environment, the major materials used in 
packaging are paper and board, glass, aluminum, steel, and plastic. These are the options for primary 
and secondary packaging; however wood for crates would also feature in tertiary packaging. 
Comparisons have been made among these different materials based on cost and functional criteria. 
The result has been the successful exploitation of all five materials in the applications for which each 
is best qualified. The determining factors in selection have usually related to the characteristics of the 
whole packaging system rather than to one particular aspect of performance. In the past, packaging 
designs have been guided by a single question: how to effectively fulfill the requirements of the 
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system at the lowest cost. Efficiency of the pack handling and protection performance has been 
balanced against pack filling and closing operations and, in turn, the consumer functional and 
convenience needs. ''The material choices are rarely made on the basis of relative merits against a 
single criterion, unless it is cost" (Beynon 99-100). 
Similarly many criteria must be considered when trying to assess and compare the 
environmental value of the different packaging materials. For example it is used less energy to 
produce glass than it is to produce aluminum. Yet, it is spend more energy to produce a glass 
container than it is to produce an aluminum container. There can be no dispute with trying to use less 
of any one particular material. It is much more complicated to establish that the use of one material or 
another is the more environmentally desirable. 
An Overview of Packaging Materials 
The following is an overview of the history, applications, properties, manufacture and 
environmental impact of paper, glass, plastics, steel and aluminum. Inks are also included, since they 
are often applied to packaging. 
Paper 
In the past, cotton, straw, hemp, and flax were used to make paper. Wood became the 
material of choice with the development of chemical processes that would release the fibers from the 
wood The first such process, the soda process was developed in the 1850's (47). 
Canty et al. explain that paper is the most familiar and widely used packaging material, it 
accounts for 48 percent of all packaging. Whether in the form of gift boxes, milk cartons, take-out food 
containers, or heavy corrugated cartons, "packaging accounts for more than half of the paper 
manufactured today" (47). 
Canty et al. divide paper packing into four groups, according to their use: corrugated and 
solid fiber boxes, folding and setup boxes, paper bags and sacks, and miscellaneous. Corrugated 
and solid fiber boxes are considered to be the best shipping container available for the price: they are 
24 
strong, provide protection, can be marked for identification, and can easy be recycled. Folding and 
setup boxes include a wide range of products such as food and beverage containers, retail boxes, toy 
and cosmetic boxes. Milk cartoons, food service products, ice cream and frozen foods, and high-
quality packaging such as cosmetic box use primarily bleached paperboard. Paper bags and sacks 
are mostly used to carry and keep groceries, variety merchandise, produce, and household food 
storage. However, plastics have been dominating this market. Fiber cans include composite fiber 
cans used for frozen drink and juice concentrates, package mixes and dry foods. Fiber drums are 
used to ship chemicals, detergents, resins, and parts and accessories (50-52). 
Today's papermaking methods are similar to those of the ancient Chinese, who first made 
paper as it is now known it in the second century A.O. However, papermaking equipment has 
become more automated and sophisticated. A variety of chemicals are added to enhance fiber 
properties, for example, providing better abrasion resistance or printability. 
The basic papermaking process is relatively simple. Usually softwoods and hardwoods are 
combined in the form of logs or residue chips from sawmills or plywood operations, with over 37 
percent coming from manufacturing or forest residues. Using a chemical or mechanical process, the 
wood is transformed into pulp, the fiber material from which paper is made. "A dilute suspension of 
fibers and water is introduced at the front end of the paper machine, the sheet is formed as water is 
drained off, additional water is mechanically removed, and the sheet is dried to about 8 percent 
moisture" explain Canty et al. (48). 
Paper can be seen to have environmental strengths and weaknesses. Beynon gives a 
qualitative review of paper. The strengths of paper and board are: sustainable raw materials, long-
established recovery and recycling systems, degradable, and energy recovery through incineration. 
Its weaknesses are: high energy consumption and pollution risks in manufacture (effluents from 
bleaching and other chemical treatments), low residual value of much of the recovered material, 
frequent use as with laminations or coatings, and strong association with litter (101-2). 
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Wood is the primary raw material for making paper. With proper management of the land, 
new harvests of wood can be made indefinitely - at least in theory. In practice, erosion, damage to 
soil fertility and increased susceptibility to disease are some of the problems, which may be 
encountered. (Selke 10). Since rain forests contain a wide and unique diversity of animal and plant 
life, incorrect management of land might result on the destruction of species, disruption of local 
climates and desertification, as noted above. 
Canty et al. point out that because of its degradability, consumers perceive paper as an 
environmentally friendly material. Paper will eventually biodegrade if it is exposed to air and water, 
although plastics and wax coatings slow the process considerable. However, the paper that ends up 
in landfills is protected from the elements and therefore, has little chance of degrading, even over 
many decades. As an example of this, thirty-year-old newspapers that are still intact and quite legible 
have been found at archeological digs into landfill (52). 
Even though very little paper packaging is actually recycled with the exception of corrugated 
boxes, consumers favor paper packaging for its recyclability. Corrugated boxes and old newspapers 
when recycled become waste paper, the most important source of paper packaging. Used corrugated 
boxes are part of a well-established recycling infrastructure. "In 1990 alone, almost 11 million tons of 
corrugated boxes, about half of U.S. production, were recycled by paperboard mills" say Canty et al. 
However, "household paper packaging waste, may be made from virgin fibers, recycled newsprint, 
corrugated, or some combination of these, and inks and coatings make the sorting process even 
more problematic". These papers have not been widely recycled because the collection infrastructure 
still does not exist, the materials are not clearly defined and the sorting process is very problematic 
(53) . 
A high amount of energy is expended during the papermaking process. The steam from the 
combustion of tree bark is provided by pulp mills , as well as spent chemicals, but additional energy 
must be generated or purchased. Energy consumption is reduced when making recycled fiber. 
Recycling of paper spends an average of 4, 100 fewer kilowatt-hours per ton and 50 percent less 
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water (unless de inking is necessary, then it is reduced to 15 percent) than processing virgin fiber. In 
addition, recycling can reduce air pollution as much as 74 percent and water pollution as much as 35 
percent (Canty et al. 53). Because recycling uses less water, it, therefore, pollutes less water. 
Similarly, recycling reduces air pollution, because it skips the mechanical or chemical processes of 
transforming wood in pulp. 
The paper industry has invested billions of dollars to improve processes enough to meet 
environmental regulations. Because of concerns about the discharge of chlorinated organic 
compounds, chemical pulp mills have been forced to look at ways to reduce or eliminate their use of 
elemental chlorine for bleaching. Most bleached chemical mills have substituted chlorine gas with 
chlorine dioxide, a less damaging substance, oxygen, and some have hydrogen peroxide. Mills re-
circulate as much water as they can, and have built their paper machines to mechanically remove as 
much water as possible, resulting in significant decreases in manufacturing costs and water 
consumption (53) . 
According to Canty et al. companies entering the recycled paper market should offer an 
environmentally friendly product, competitive pricing and consistently good quality, meet the packers 
and carton makers requirements for trouble-free operations, and be supported by technical service. 
The paper packaging industry is challenge to use as much waste material as possible in packaging 
while still meeting the user's requirements for protection, strength and other criteria (55). 
Glass 
Glass is the second most common packaging material, accounting for 25 percent of all 
U.S. packaging. It is also one of the oldest packaging materials known. The Egyptians are 
believed to have used glass as early as 3000 BC and Pliny wrote in the first century of how 
Roman sailors discovered glass making: cargoes of soda burned in fireplaces on sandy 
beaches fused with sand to form glass. (Canty et al. 55) 
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Beynon says that glass containers have been used for hundreds of years. The first milk bottle 
was reportedly used in 1884 (Hanlon 1984). Food and beverages are glass containers predominant 
markets (106). 
Glass holds many advantages as a packaging material: it is transparent, rigid, impermeable, 
odorless, inert, and microwavable. Glass is considered a premium packaging material by consumers, 
being the choice for wines, sauces, fruits, condiments and many other types of foods. 
In the period of 1980-1985, container glass had experienced a great erosion of its market in 
the beer sector replaced by aluminum cans. "Glass was also losing ground to plastics in foods and 
soft drinks markets" state Canty et al. One of the reasons why breweries converted to aluminum cans 
was because it is quicker to fill a can than a bottle. In addition, because of its greater volume and 
weight, glass uses more energy and is more expensive to ship. In comparison, the "aluminum can 
represents an efficient and compact way to deliver beer'' (56). 
According to Canty et al., since 1986, container glass has been growing at about 5 percent 
per year with the rising popularity of imported beers, which typically come in glass bottles. Domestic 
brewers invested on the prestige image of imported beers by returning to the glass bottle (56). 
Glass has benefited from a number of new applications; for example, its contents can be 
often warmed in the microwave. Cooked pastas, pasta sauces and baby food are still preferred in 
glass containers by consumers. They are attracted to the glass containers because, unlike cans, they 
are resealable and leftovers can be stored in the refrigerator without creating an odor problem. 
Sand, soda ash, and limestone are the basic materials to make glass. Small quantities of 
aluminum oxide, magnesium, arsenic or lead are added depending on the properties required. The 
container-making process basically consists of producing glass in a large furnace, at a temperature of 
about 2700 degrees Fahrenheit and placing the molten material into a container-making machine. A 
'gob' of the molten material is blown to the required shape, and a variety of annealing and surface 
treatments may follow. An in-line process is necessary because of the cooling and heating 
requirements involved and the lengthy start-up time needed for the glass furnace (Beynon 106). 
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The inertness to a variety of food and nonfood products is one of the greatest advantages of 
glass over other materials. For example the taste of the food is altered when acidic foods react with 
metals, and components of plastics leach into some foods. The transparency and clarity provided by 
glass make it a premium packaging material for many beverages and foods. Additionally, its 
impermeability to oxygen and other gases is an advantage, especially for carbonated beverages and 
beer. Other advantages are its low cost, its raw materials are in abundant supply throughout the 
world, and it is fully recyclable (Canty et al. 59). Beynon adds some others strengths of glass, such 
as established capability to be returnable/refillable, hygienic with foods and beverages, well-
established bottle bank recovery systems in most developed countries and high public esteem and 
participation in recovery and recycling. 
Among the disadvantages of glass over other materials are: significant energy consumption 
in production, relatively high pack weights compared to other materials, safety hazards from 
breakage/splintering, pollution risks associated with production (furnaces) and reliance on voluntary 
action for recovery (Beynon 101 ). 
Although glass is 100 percent recyclable, it must be separated by color, and this has been 
constantly a manual process. Mechanized color separation is a recent process that has been 
commercially used for only 3 or 4 years. Coloring agents such as ferrous sulfate or chromic oxide for 
green bottles and ferric oxides for brown or amber bottles are used to protect the bottle from effects of 
sunlight. However, these same beneficial coloring agents make the recycling process difficult. In 
addition to separation by color, flat glass must be separated from container glass because of its 
chemical formulation. Recycling glass containers is a closed loop; flat glass trimmings go into flat 
glass, and bottles are made into bottles. However, both can be used to some extent in fiberglass 
production (Canty et al. 58). 
Glass bottles today are seldom reused in the U.S. Reusable bottles need to be stronger and 
thicker than one-way bottles. A thicker bottle takes more raw materials and more energy to make; it is 
heavier and costlier to ship. However, the amount of energy saved while refilling versus recycling the 
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bottle may help bring the refillable back into favor. Refillable bottles may also avoid the need for large 
amounts of carbon dioxide be released during the process of glass melting which contributes to 
global warning (Canty et al. 59). 
Recycled glass used as a raw material in glass production is called cul/et. The use of cullet is 
essential in a glassmaking operation. Even though glassmakers have learned how to maintain the 
strength of glass containers while making them even thinner, their weight and fragility are still their 
negative side. The expense of transporting cullet may make it less attractive for a glassmaker to use 
recycled materials; although the costs of not recycling are far greater to society. Glass consumes 
about 10 percent of U.S. landfills, and only 10 percent of glass containers are recycled (Canty et al. 
60). 
Plastics 
David Beynon writes that plastics are the relative newcomers compared to the other 
materials. Contemporary use of plastics for primary, secondary and tertiary packaging is almost 
entirely based on thermoplastic materials, even though thermosetting resins have been used since 
the last century and are still extensively used in coating formulations for packaging. He adds, "Today, 
about one third of all plastics manufactured are used in packaging" (107) . 
Canty et al. explain that plastics, in their many forms, are the fastest growing family of 
packaging materials and the third most common, following paper and glass. They account for 14.5 
percent of all packaging materials. Of the 13.8 billion pounds that became plastic packaging (over 
one quarter of all plastics produced in the United States in 1988), 7 billion pounds were used for 
containers, 5 billion pounds for films, 1.1 billion pounds for coatings, and 700 million pounds for 
closures. Following are the most common plastics, in order of highest to lowest market share along 
with applications: 
• High-density polyethylene (HOPE) - a translucent material used in milk and detergent 
bottles. 
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• Polypropylene (PP)- a stiff, heat- and chemical-resistant substance used in tubs and 
syrup bottles, as well as in films for food packaging. 
• Polystyrene (PS)- a foam packaging material with excellent thermal properties, used in foam 
coffee cups, food trays, and "clamshell" hamburger boxes, as well as non-foamed clear food 
trays and lids. 
• Polyethylene terephthalate (PET)- a tough and shatterproof material used in soft 
drink bottles, as well as in food and medical containers. 
• Polyvinyl chloride (PVC)- a clear and still packaging material used in water and cooking oil 
bottles as well as meat wrap (61) . 
Plastic's appealing characteristics are responsible for its market acceptance: it is lightweight 
and durable, it can be clear or opaque, smooth or textured, white or brightly colored, it is relatively 
unbreakable, and it can be formed into any number of shapes. In addition, it is moisture-resistance, a 
major factor in the displacement of paper grocery bags by plastic, and the acceptance of plastic 
garbage bags (61 ). 
David Beynon describes the plastic manufacturing process as plastic material, in granule or 
powdered form, heated to temperatures between 300 to 600 degrees Fahrenheit (depending on the 
different polymers) and formed into various shapes. The forming is done by injecting or blowing the 
hot material into a chilled mold or by pre-extruding the hot material into a sheet and then forming this 
sheet with a mold. Sheet plastic is also supplied directly to packers for use in forming fill-seal 
machines. All unadulterated industrial scrap is collected by the packaging manufacturer, regranulated 
and reused in-plant, representing a significant cost savings and minimization of resources. Prior to 
being sent to the packer, many blown plastic bottles and molded tubs are printed (107). 
Beynon gives a qualitative review of plastic, in terms of what is perceived to be the 
environmental strengths and weaknesses. Its strengths are: it is the most versatile and diverse family 
of packaging materials, hygienic packaging for beverages and foods, excellent protection from 
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physical damage, economic and efficient use of material for individual packs, efficient in-plant 
industrial scrap reuse, and high energy recovery from incineration. Its weaknesses are: derived from 
non-sustainable resources of fossil fuels, non-degradable, difficult to recover, separate and recycle 
from post-consumer waste, when used in multi-layer materials, exacerbates recovery and reuse 
limitations, and is a highly visible contributor to litter (102). In addition, because plastic is a gas-
permeable material it is not well suited to certain packaging tasks, tor example pressure is lost when 
containing high-pressure contents like champagne, and, when contained in plastics, the flavor of 
chemically active foods can be altered (Canty et al. 64). 
Very little plastic is recycled in the United States, in spite of the fact that almost all the plastics 
iJsed in consumer packaging and disposable are thermoplastics, which means that they can be 
melted, remolded, and reused. Many types of plastics are successfully being recycled into a variety of 
useful products. Regardless of their useful life-span and recyclability, plastics today are most often 
destined to become part of landfills, where they are second only to paper in volume (Canty et al. 62). 
Plastics are derived from non-renewable petroleum resources but only a small portion of this 
resource is used in the production of plastics. According to Canty et al. only 3 percent of U.S. 
petroleum and natural gas is used to make petrochemicals, with 2 percent used in plastics and 0.5 
percent used in plastic packaging. Most of the crude oil consumption is expended in the form of 
gasoline (62). Chick explains that the chemicals used in the production and processing of plastics, 
such as polystyrene, benzene, phenol, ethylene, and propylene are highly toxic. Most of the plants 
that produce these chemicals also produce hazardous wastes that pollute air and water. Even though 
a great amount of energy is recovered during the incineration of plastics, it also releases toxins (92). 
The release of chlorofluorcarbons, or CFCs, during the manufacturing process of polystyrene foam 
has been associated with the damage of the earth's ozone layer. Advances in polystyrene foam 
manufacture have employed alternative blowing agents, as a result, CFCs have been virtually 
eliminated from packaging applications (Canty et al. 63). Following, plastics are divided into two 
subcategories: plastic bottles and plastic films. 
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Plastic Bottles 
The United States produce about 20 billion blown plastic bottles annually. The HOPE bottle, 
used for milk and spring water, leads the market with 80 percent of the plastic bottle followed by the 
2-liter PET bottle. Their success might be related to the fact that plastic bottles are up 90 percent 
lighter than glass, are shatter-resistant, and require less energy to produce than glass or aluminum 
(Canty et al. 63). 
Recycling programs are now accepting many types of plastic bottles. HOPE has been 
recycled into furniture, pipes, signs, traffic cones, milk crates, toys, trash cans and many other 
products. PET is used as 2-liter soft drink bottles, in biaxially oriented film and in fibers and fabrics. 
PVC is used in a more complex and difficult material to recycle partly because of its thermal 
instability. To help consumers sort out the types of plastic, the Society of the Plastics Industry (SPI) 
has proposed a uniform labeling guidelines for seven types of plastic containers. The packaging 
industry has voluntary added the SPI labels on the bottom of plastic containers, where they can be 
found, identified and sorted for recycling (Figure 3). 
Code Material 
t.'t Polyethylene terephthalate (PET) 
PETE Lt High-density polyethylene 
Lt HOPE Vinyl/polyvinyl chloride (PVC) 
v t.i Lf?W·density polyethylene 
Lt LOPE Polypropylene 
pp l~ Polystyrene 
Lt PS All other resins and layered 
OTHER multi-material 
Figure 3. Uniform SPI Labeling Guidelines for Seven Types of Plastic Containers ((Canty et al. 66). 
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Plastic Films 
Canty et al. state that the earliest film products were made from organic materials, such as 
cellophane, a wood-based material. Most film products today are often multiple layers of different 
plastics and are based on synthetic polymers. Even cellophane has now been coated with polymers 
to improve its barrier qualities. 
Polyethylene is the largest volume plastic film produced in the United States. Low-density 
polyethylene might be used in high-clarity applications, such as bread wrapper soft goods packaging. 
A high-density polyethylene is desirable for food packaging that needs high-moisture, grease or gas 
barriers. Other important types include polyester (PET}, nylon, polypropylene, polyvinyl chloride, 
polycarbonated, and many other polymers and copolymers (Canty et al. 67). 
Little attention has being giving to the ecological impact of plastic films partly because they 
represent a smaller and less visible component of landfills. Also their use in food and medical 
applications make them challenging to clean and to sort for recycling purposes. In addition, flexible 
materials are not suitable for recycling since they do not granulate easily and are not physically 
separable. The technology for recycling films in mixed plastic waste is only now being developed. 
Steel 
Nicholas Appert, a Parisian chef, devised the first canning process in 1809, followed by Peter 
Durand, an English inventor, created the "tin canister" one year later. Since then, steel has been well 
established in the canning industry. It accounts for 6.5 percent of all U.S. packaging materials, 
compared with 2.3 percent for aluminum (Canty et al. 77). 
The largest application for steel packaging is for food. It is ideal for long-term food storage 
because it is a long-lasting packaging material, impervious to air and water. In addition, steel has high 
specific strength and stiffness, well-developed seaming technology and its formability has led to a 
large variety of shapes and sizes of containers such as: a square breasted shape for baby powder, 
an oblong, F-style shape for paint thinners, the two and three-piece sanitary shapes for foods, aerosol 
cans for hair sprays, the flat and round for shoe polish, pear-shaped for hams, and many more (78). 
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Beynon explains the typical manufacturing operations of steel and tinplate in this way: taking 
delivery of coil or plate, applying protective coatings and lacquers, printing and varnishing for 
decoration, forming the material into a container either by bending, drawing, joining, soldering or 
welding processes, bulk packing by cartoning, stacking, overwrapping and, finally, shipping for 
delivery to the packer (104). 
He gives a qualitative review of steel, in terms of what is perceived to be the environmental 
strengths and weaknesses. Its strengths include: efficient and economic use of materials for 
individual packs, high reuse capacity, apart from tin, is an abundant supply of raw materials, high 
pack security/safety and minimal secondary packaging requirements, easiest material to recover from 
the mixed waste stream due to its magnetic properties. Its weaknesses are: low residual value for 
recovered material, great amount of both energy consumption and pollution during material 
production, and low public awareness of environmental merits (102). 
In addition to heating, lighting and movements of transport, as in any industrial operation, 
metal packaging manufacturing generates significant amount of volatile organic compounds (VOCs) 
in the coating and lacquering and cleaning processes, and substantial use of lubricants. voes are a 
major cause of air pollution in the lower atmosphere, producing ozone and smog, which cause 
problems for people with breathing disorders. Many countries have introduced regulations controlling 
and limiting emissions from VOC to the atmosphere. Likewise, noise is extremely high during forming 
and stamping affecting both employees and any communities located close to the plant (Beynon 
105). 
"Steel materials of all types are recycled at a high rate" note Canty et al. To be reclaimed, 
steel cans must be segregated from raw trash, ideally in curbside collection programs, separated 
from other municipal waste by magnetism; or they can be extracted after incineration from the ash. 
However, incineration deteriorates the quality of the material. Yet the advancements the economics of 
steel recycling have not been encouraging. "The cost of collecting steel cans, cleaning them, 
35 
removing labels and shredding them for reuse are harder to justify when the base material costs a 
few pennies a pound" (79). 
Aluminum 
Beynon relates that the current extensive use of aluminum for packaging began in 1913 with 
the use of foil to overwrap 'Life Savers' confectionery products (105). Canty et al. note that because 
its light weight, high reflectivity, resistance to oxidation, good thermal conductivity and superior 
barriers, aluminum can be found in a number of applications in packaging (68). Beynon divides these 
applications in three broad categories: cans for beverages and other heat processed and non-
processed food; three-dimensional semi-rigid containers for food applications; and foil for flexible 
packaging (105). 
Aluminum is never found as a free metal, but as a silicate or in a mixture of metal silicates. 
The extraction of aluminum from silicates is very expensive and chemically complex. Its 
manufacturing from ore requires large amounts of electrical energy (Selke 13). The sequence of 
manufacturing operations is similar to that for steel/tinplate. However, for aluminum some pre-coating 
is carried out, and forming is almost entirely by drawing and wall ironing. Internal and external coating 
and lacquering and decorative printing happen after forming. Before application of the lining 
compound, can ends are stamped out, and riveted in the case of easy-open ends (EO ends) (Beynon 
105). 
"Packaging accounts for 75 percent of the applications for aluminum foil , with the remainder 
in decorative wrap, insulation, and other construction uses" say Canty et al. The fact that aluminum 
foil is impermeable, greaseproof, nonabsorptive, inert, and highly formable, with excellent dead fold 
characteristics, it has been found in many applications throughout the food industry. Besides caps, 
cap liners, and closures for yogurts, beverages, and other moist or liquid foods, aluminum foil is also 
formed into collapsible tubes used for toothpaste, medical products and artists' paints. In Europe 
aluminum tubes are used for tomato pastes, jams, jellies, and other food products (73). 
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Beynon gives a qualitative review of aluminum, in terms of what is perceived to be the 
environmental strengths and weaknesses. Its strengths are: abundance of raw materials, high 
residual value motivating recovery, high reuse capacity, and high public awareness/esteem its 
recyclability. Its weaknesses are: its extraction from silicates is chemically complex and very 
expensive, emissions of toxic aluminum fluoride during manufacturing/extraction, pollution risks 
associated with purification processes, very high energy consumption for virgin material production, 
and reliance on voluntary action for recovery (101 ). 
One hundred percent of the used aluminum beverage cans (UBCs) is recyclable; they are the 
lowest-cost source of raw materials for aluminum production and subsequent rolling of can sheet. Not 
only it does take 95 percent less energy to produce a pound of aluminum from UBCs than from virgin 
raw material , but also the capital required for recycling is much less than that required for new 
primary aluminum production (71 ). 
Producing a lightweight can without affecting its quality has been the basis for a trend in 
aluminum packaging design because of the high cost of the material. "While it can be considered to 
be a form of source reduction, lightweighting was spurred by an economic incentive: to reduce 
material costs and thereby to encourage further use of aluminum cans" (Canty et al. 71 ). 
Aluminum represents a large component of the municipal solid waste stream by value, but 
small percentage by weight. It is one of the most expensive and sought-after scrap materials, valued 
at forty-eight cents a pound in 1990, compared to four cents for steel. "Recycling efforts in aluminum 
packaging have focused on the beverage can" say Canty et al. It is not only the most visible to find, 
aluminum cans have an enormous impact on the environment; it resists oxidation and degrades very 
slowly if exposed to the elements. Recyclability of aluminum foil is less practical, since the cleaning 
and separation of foil is a difficult task for the consumers, and it is harder to extract it from the mixed 
waste stream (74). 
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Inks 
Anne Chick in The Graphic Designer's Greenbook states that Chinese and Egyptians 
developed and used the first inks as early as 2600 B.C. Carbon-based materials, such as soot or 
lampblack mixed with animal glue or vegetable oil composed these early writing inks. Today's inks 
are based on the same uses as their ancestors. Environmental problems caused by printing inks fall 
into three categories: the emission of evaporated fumes; the use of heavy metals in inks and the 
disposal of printed material (66). 
Chick describes the three major ingredients contained on inks: pigment, solvent or oil 
vehicles, and binder. "The pigment, a powder, carries the color; the vehicle is a liquid that holds the 
pigment and drying agents allows it to be applied; and the binder attaches the pigment to the object 
being printed" (67). 
She explains that among the several performance factors when evaluating printing inks, 
drying time is the most important key element. Because they evaporate quickly, petroleum oils and 
solvents were the most common drying agents in inks until recently, which come from non-renewable 
resources. During the printing and drying processes, these agents release volatile organic 
compounds (VOCs) into the air (66). 
Most of the problems with heavy metals come from the pigment. Some inks that produce 
brilliant colors are based on pigments containing barium, lead, cadmium, mercury, chromium and 
other heavy metals. Some compounds of these metals are considered serious hazards to humans, 
and in some European countries, and in many Canadian and American states now restrict their use. 
The easy-to -remember acronym CAMALS list has been the focus of many environmental groups. 
The acronyms of these heavy metals stand for cadmium, arsenic, mercury, antimony, lead and 
selenium. Some of the applications are: bright yellows are based on chromium and lead, bright and 
deep reds are based on cadmium and mercury (Chick 67). 
These inks are safe when they are bound to a package; however, when the packages are 
discarded, the heavy metals can present health and environmental risks since they can leach out of 
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landfills into drinking water. Among the heavy metals used in inks are carcinogens, such as arsenic, 
cadmium, beryllium and lead; neural toxins, such as arsenic, lead, vanadium, cadmium and mercury; 
and other metals like zinc and copper which are toxic to aquatic life. The fact that wastes from 
recycling materials using heavy metal inks require special labeling and disposal, and the prospect 
that the recycler will be left with toxic waste water if heavy metal were used in inks, both reduce the 
incentive to recycle. Similarly, the recycling of materials that contain petroleum-based inks is 
problematic because of the by-products produced during the de-inking process. 
To solve VOC emission and resources consumption , marketers of "greener" inks are 
promoting their use of "vegetable-based oil". These inks use a mixture of petroleum-based and 
vegetable-based oils, such as linseed, canola and soybean. Because of their lower percentage of 
petroleum-based oil , the inks are lower in harmful voes. Another advantage is that they reduce the 
dependence on foreign petroleum products, and they are renewable resource (Chick 68). 
Soybean-oil-based inks are domestically produced American product supporting a key 
agricultural crop. In the recent past, the price of black soybean-oil based ink, about 20 percent more 
expensive than petroleum-based ink, prevented many printers from using them. Now, soy-based inks 
have become price competitive for many printing tasks. The fact that by using soybean-oil based 
inks, printers get more mileage from the ink, and that paper spoilage is reduced at press start-up 
because of the smoother ink flow, soy based inks offer savings in terms of cost and the environment 
(Chick 70). 
As an alternative to solvent-based formulas, printers in many countries are now 
experimenting with water-based inks. Applications of these inks can be found in packaging and 
publications using flexography and packaging gravure. Finally, the main benefit of using water-based 
or soy-based inks is reduced VOC emission levels, improved ecological performance and easier de-
inking of wastepaper during recycling (Chick 71 ). 
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Infrastructure: Limitations & Opportunities 
Canty et al. cite that building an infrastructure for sound environmental practices has been 
one of the major challenges for our society. They describe it this way: 
For businesses, this infrastructure means finding ways of making a return on investment 
while making thoughtful use, and reuse of materials, so that the recycled container and its 
by-products pay their own way back through the system. For government, it means 
creating the incentive systems to support and encourage such an infrastructure and to 
distribute responsibility fairly among all participants. (88) 
There is currently very little incentive however for getting usable material from a collection 
site back into the system for recycling or reuse. There are a number of barriers to recycling that 
should be addressed. For many companies, economic and financial barriers are found in the lack of 
financial incentives, and in the high cost of research and development that might lead to increased 
use of re-cycled materials. For the general public, barriers include the lack of awareness, 
inconvenience, indifference, the misconception that an individual's activities have no real impact, and 
attitudes which rely on a technological fix rather than lifestyle changes. Finally, for the existing solid 
waste management system, barriers include "lack of internalization of waste system cost, local laws 
that inhibit or fail to aid recycling... Market barriers include product design which inhibit recycling, lack 
of consistent and reliable supply and demand for material. .. " says Selke. Most of all , she adds the 
barrier related to the attitude of some governments (129). 
The U.S. Environmental Protection Agency (EPA) has defined a hierarchy of integrated waste 
management systems that consists of: source reduction, including reuse of packaging; recycling, 
including composting; waste combustion, with energy recovery, and landfilling (89). 
Landfilling is now the most implemented management system in the U.S. with 73 percent of 
the solid waste being landfilling, 14 percent being incinerated, and 13 percent recycled. EPA has 
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recommended a significant shift of the nation's municipal solid waste toward source reduction and 
recycling (90). 
Albert Marsden in Packaging in the Environment tells that recycling, composting, incineration 
and landfill are today's four principal disposal methods. Whenever three or four of the techniques are 
employed in parallel, they produce the most effective economic and environmentally sensitive 
solution to the specific needs of an industrial community. He considers this the basis of an integrated 
waste strategy (156). 
Recycling 
G. Tyler Miller defines recycling as "collecting and reprocessing a resource so it can be made 
into new products". He illustrates it with the example of "collecting aluminum cans, melting them 
down, and using the aluminum to make new cans or other aluminum products" (A23). He identifies 
two types of recycling for materials such as glass, metals, paper, and plastics: primary or closed-loop, 
in which waste discarded by consumers are recycled to produce new products of the same type; and 
secondary or open-loop, in which waste materials are converted into different products (302). 
Three components need to exist for recycling to succeed: a consistent and reliable source of 
supply, suitable processing facilities to convert recovered materials, and a ready market for the 
recycled product. Without one of these components, a sustained recycling system cannot be 
established add Canty et al. (90). 
Collection systems are the key to providing a dependable supply of materials. According to 
Canty et al. the five- or ten-cent deposit per container has been a great incentive for recycling in 
states where the mandatory deposit law (MDL) is applied, resulting on 90 percent of return rates. In 
non-MDL states, the Beverage Industry Recycling Program (BIRP) with the assistance of beverage 
industry has provided drop-off recycling centers for a variety of materials. To encourage family 
participation, these centers are often combined with amusement parks and raffle events. They also 
pay consumers for returned materials, often less than five-cents-per-container (91 ). 
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Because of its convenience, the Curbside pickup programs in the United States have been 
very successful among consumers. In addition to their convenience, their highly visible recycling 
baskets at curbside show who in the neighborhood is recycling and who is not, "adding a healthy 
measure of peer pressure to the process" (Canty et al., 91 ). 
According to Miller, large-scale recycling can be accomplished when mixed urban waste is 
collected and transported to centralized materials-recovery facilities (MRFs). The machines at the 
MRFs shred and separate the mixed waste to recover glass, iron, aluminum, and other valuable 
materials; which are sold to manufacturers as raw materials. Plastic, paper, and other combustible 
wastes are recycled or burned to produce steam or electricity to run the recovery plant or to sell to 
nearby industries or homes. The United States had more than 220MRFs by 1996, and at least 60 
more were in planning stages (302). 
Even though these facilities recycle urban waste, they also have many disadvantages. They 
are very expensive to build and maintain. In addition, it takes energy and money to separate mixed 
trash, and if they are incinerators, MRFs can emit toxic air pollutants and produce a toxic ash that 
must be disposed of safely. They need a large input of garbage to make them financially successful 
(Miller 302). In contrast, when households and businesses separate their trash, it produces less air 
and water pollution, reduces litter, saves energy, provides more jobs, and the material can usually be 
sold for a higher price (303). 
Recycling can decrease the large amounts of waste from landfills and incinerators, conserve 
natural resources, and serve as an educational tool to raise public awareness of waste management 
issues. Each material has its own unique position in the recycling process: 
According to Canty et al. about two-thirds of all steel products are recycled every year in the 
U.S. Most of them come from automobiles, old rails, steel structures, and industrial equipment. 
However, only one in five steel cans is recycled. The reason for this might rely on public perceptions 
and habits. Few consumers consider steel as recyclable material; in addition they are more willing to 
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rinse out beverage cans and bottles than to clean out dog food cans and other solid food containers 
made of steel (93). 
Sixty two percent of the aluminum cans were recycled in the U.S. in 1994. Aluminum 
companies have great incentives to invest in the collection and transport to ensure their supply 
because the recycling of the material requires ninety five percent less energy than mining and 
processing aluminum ore. In addition to cost benefits and reduced fuel consumption, recycling 
aluminum produces ninety five percent less pollution and ninety seven percent less water pollution 
(Miller 303). 
Fourty percent of post-consumer wastepaper was recycled in the U.S. in 1994. The 
advantages of recycling paper are: saves energy because it takes thirty to sixty four percent less 
energy to produce the same weight of recycled paper as to make it from trees, lowers water pollution 
by thirty five percent, reduces air pollution from pulp mills by seventy four to ninety five percent, helps 
to prevent ground water contamination by toxic ink left after paper rots in landfills over thirty to sixty 
year period, creates five times more jobs than harvesting trees for pulp, save landfill space and 
money (Miller 303). 
Most recycled papers are made from scraps and cuttings recovered from paper and printing 
plants called pre-consumer waste. Paper manufactures have always recycled this waste, however, 
this is not a solution to the solid waste problem. "Environmentalists propose that the government 
require companies to report the amount of post-consumer recycled materials in paper and other 
products and reserve the term "recycled" only for items using post-consumer recycled materials", 
adds Miller (303). 
The recycling of plastics presents a different case. Currently, only three percent by weight of 
all plastic wastes and six percent of plastic packaging used in the United States are recycled (Miller 
303). The varieties of plastic resins make the separation of plastic containers by consumers or by 
mixed trash very difficult (304). 
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Among plastics, the infrastructure for recycling PET (polyethylene terephthalate), the most 
popular for plastic container, is the best developed. Twenty-four percent of all PET containers were 
recycled in 1991 in the United States placing its recycled value second after aluminum among 
packaging materials. Applications for recycled PET bottles include lawn furniture, carpeting, toys, 
pillow stuffing and many others. 
HOPE (high-density polyethylene) is the second-most-recycled plastic. The recycling rate for 
HOPE based cups from soft drink bottles, collected along with the bottles themselves was estimated 
39 percent in 1990. HOPE milk bottles follow, with just under 7 percent recycled in 1990. 
PVC (polyvinyl chloride) producers have been working to establish an infrastructure and a 
technology for handling various PVC products. PVC recycling is still getting started in the U.S. with 
recycling rates of 0.67 percent for bottles and 0.13 percent for other PVC packaging in 1991 . PS 
(polystyrene) is also recycled but on a relatively small and growing scale, recycling of foam food 
service PS reached a rate of 2.01 percent in 1990. 
Finally, LOPE (low-density polyethylene) is the most commonly recycled post-consumer 
packaging plastic in the United States. As a shrink and stretch wrap, LOPE recycling rate in 1990 was 
just over 11 percent, being garbage bags its largest single use. One of the applications of recycled 
LOPE is trash bags (Selke 169-172). 
Post-consumer plastic containers are plentiful, nevertheless, they are more visible in landfills 
or incinerators than in recycling plants. Improvements in plastic recycling will require a combination of 
a goodwill investments from consumers, legislative incentives, as well as corporate responsibility in 
form of market development, investments and strategic alliances to build a recycling infrastructure 
(Canty et al. 99). 
Glass is a complex and costly packaging to recycle because its different colors are current 
sorted by hand. In addition, virgin raw materials cost less than cullet. Although to melt cullet is slightly 
less energy-intensive than raw sand; the energy savings do not offset the expense of cullet. Glass 
plants are generally not located in consumer regions, but in producer regions such as Pennsylvania 
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and Ohio, making transportation costs a serious issue. California is an exemption, having a 
substantial number of processing plants for bottle and flat glass. Moreover, because of sanitary 
issues, the reusable/refillable bottle is not a practical alternative (Canty et al. 99). 
Composting 
Local governments can provide a useful incentive for backyard and town composting by 
banning yard wastes from landfills, which comprise nearly one-fifth of municipal waste. Composting is 
not just for grass clippings and autumn leaves. In Europe, mixed municipal waste have been 
successful composted for over thirty years; the infrastructure for composting in the United States is 
limited. 
Incineration 
According to Miller, about 16 percent of the municipal solid waste and 7 percent of the 
officially regulated hazardous waste in the United States was burned in incinerators in 1995. 
Incinerators are costly to build, operate and maintain; in addition, without good operator training, 
supervision, and continual maintenance, the air pollution control equipment can fail, and emission 
standards can be exceeded (306). Albert Marsden adds that incinerators without energy recovery are 
not an environmentally acceptable solution since the material resources are simply destroyed without 
any effective recovery (157). 
While packaging material in general is not a significant source of hazardous emissions from 
waste-to-energy facilities, two emissions are of special concern: hydrogen chloride, a highly 
corrosive pollutant; and dioxin, an extremely lethal toxin that is linked to cancer, birth defects, 
and fetal death. Some bleached paper products contain chlorine, which can generate low 
levels of dioxin when combusted (Canty et al. 102). 
Landfilling 
According to Miller, about 60 percent by weight of the municipal solid waste is buried in 
sanitary landfills in the United States. A sanitary landfill is a garbage graveyard where solid wastes 
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are spread out in a thin layer, compacted, and covered daily with a fresh layer of clay or plastic foam 
(307). 
Leaching of contaminants into ground water is one of the problems arising in the landfills. 
Ground water contamination is a more serious problem than surface water pollution, for which natural 
cleansing mechanisms exist. It is difficult to detect and clean up the ground water contamination. As a 
result, bottom liners are required in municipal landfills to prevent leachates, surface caps of soil , and 
other materials carrying toxins to water sources (Canty et al. 105). 
Miller adds that solid waste landfills, while in operation, cause traffic, noise and dust; most 
emit toxic gases. Paper and other biodegradable wastes break down very slowly because of the 
deficiency of water and oxygen in the landfills. He also explains that, "the underground anaerobic 
decomposition of organic wastes at landfills produces explosive methane, toxic hydrogen sulfide gas, 
and smogforming volatile organic compounds that escape into the a.ir". Vent pipes, which might be 
found in large landfills, collect these gases, and the collected methane is burned in small power 
plants or in fuel cells producing steam or electricity. On the other hand, incineration can help avoid air 
pollution caused by open burning, and odor is seldom a problem. After a landfill has been filled, the 
land can be graded, planted, and used as a park, golf course and other recreational purpose (308). 
Landfills are an essential component of the waste management hierarchy in the U.S. After 
waste has been reduced, recovered, reused, or converted to energy, there will still be some waste 
that cannot be disposed in any other way except in landfills. However, landfill capacity is already 
decreasing severely in the most populous regions of the country, making space a precious 
commodity (Canty et al. 105). 
The Environmental Protection Agency (EPA) has stated objectives for landfills such as: to 
reduce the volume of waste in landfills, extend the landfills' useful life, make the waste more benign, 
and increase the landfills' safety for humans and wildlife (Canty et al. 106). 
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Degradable Packaging 
Consumption by microorganisms, or biodegradation, and deterioration by ultraviolet light, or 
photodegradation, are the two most recognized form of degradation, explain Canty et al. Hydrolytic 
degradation, resulting from the action of water is also important for some materials. Although paper is 
a biodegradable material, its rate of degradation in sanitary landfill is very slow. Plastic and wax 
coatings can hinder or slow its degradation stili further. Aluminum and steel are subject to oxidation, 
but they are inert to microbial action. Coatings can slow oxidation and cans and foils can be 
preserved through years of exposure. Although glass is subject to hydrolytic degradation, it is highly 
inert. Plastics are essentially stable, but depending on the composition, they can also be made 
biodegradable, photodegradable, or hydrolytically degradable, rather, they are basically stable (107). 
Lifecycle Assessment 
Canty et al. define lifecycle assessment as being "a tool for analyzing environmental impacts 
at every stage of a package's life cycle, evaluating trade-off, and mitigating environmental hazards" 
(Figure 4). Manufacturers, environmentalists and other groups have adopted this new field of study 
to understand the environmental positioning of products and packaging. Also known as cradle-to-
g rave or eco-balance analysis, it is a technique for making business decisions and public policy 
choices (147). 
According to Peter White, Peter Hindle and Klaus Drager in the Lyfecycle Assessment of 
Packaging chapter, lifecycle assessment involves two stages: lifecycle analysis, an inventory of all 
inputs and outputs, in terms of energy and materials, in the lifecycle of a product or package; and an 
evaluation of the effects of this inventory on the environment, producing an environmental burden 
(118). 
Resource 
inputs 
Energy, 
water 
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Disposal 
Figure 4. The Product and Package Life Cycle (Canty at al. 147). 
Pollutants 
They define lifecycle assessment as being a tool to aid decision making based on 
environmental criteria. It provides the data needed which permit objective comparison of the 
environmental burdens caused by different products or packaging systems. This prospect has 
attracted the interest of consumer seeking reliable environmental information, manufacturers wishing 
to improve the environmental performance of their products and packaging, and legislators or 
voluntary bodies involved in environmental labeling schemes. However, "lifecycle assessment is not a 
direct measure of product or package safety, either for humans or the environment" add Drager et al. 
Human and environmental safety are evaluated through a process of risk assessment. Therefore, 
"lifecycle assessment lies in its ability to take us beyond the traditional considerations of 
'environmental safety' into the concept of 'environmental quality', and to allow us to address 
environmental concerns on a global scale" (120). 
Currently, lifecycle assessment has been used to: 1. define the present environmental burden 
of a product or package, 2. allow comparison between different packaging options, identifying where 
improvements might be made, 3. guide development work considering the environmental burden, and 
4. support eco-labeling schemes and other kinds of information for consumers (Drager et al. 120). 
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Drager, Hindle and White explain that lifecycle analysis is an accounting process, in which all 
necessary inputs and emissions for a packaging system are listed, and totaled. It includes all 
components of a packaging system, from shipping materials, primary and secondary packaging that 
reaches the consumer; as well as all inputs to and all emissions from the system. It also includes all 
sites involved. Lifecycle analysis integrates over time and the effects of the entire constituent in the 
package's lifecycle (Figure 5). Finally, LCA integrates all issues such as methods of reducing the 
environmental impacts of packaging from source reduction, reuse or recycle and their effect (121 ). 
RAW MATERIAL SOURCING 
PROCESSING 
MANUFACTURE/FORMULATION 
ENERGY 
DISTRIBUTION 
USE (RECYCLE/REUSE) 
POST-CONSUMER DISPOSAL 
WASTE 
WATERBORNE 
AIRBORNE 
SOLID WASTE 
Figure 5. Lifecycle Analysis: a General Schematic (Drager et al. 126). 
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Key Players in the Environmental Arena 
According to Canty et al. the packaging industry faces a rapidly changing society with some 
constituencies creating pressure for environmentally responsible products and packaging. They 
describe that there are seven main groups influencing the pressures for "environmentally friendly" 
products and packages: consumers, educators, the media, environmental groups, legislators, 
retailers and the packaging industry (16). 
Consumers 
While environmental issues are important to the American public, there is a limit to what 
consumers will do to change their behavior. Consumers are more likely to be concerned with the 
safety and price of a product than with its packaging, product convenience being a critical 
consideration. They don't always relate the municipal solid waste problem with their purchasing 
decisions. The complexity of the environmental issues and the competing and sometimes misleading 
claims of "green" marketers, confuse consumers that end up focusing on single issues and simple 
concepts such as, "degradability is good", or" plastics are bad". Consumers don't have the time or 
resources to look at the full lifecycle of a product and to study all of its environmental implications. 
Even the best-intentioned consumers are likely to make the wrong choices (Canty et al. 17-8). 
Educators 
According to Canty et al. there is great amount of environmental education activity at the 
elementary school level, especially in 3-5 grades. In addition, nearly every college and university 
offers courses relating to the environment, and some offer degrees in environmental science. 
Packaging design programs now incorporate environmental considerations into course offerings. 
Industries have also provided a variety of tools and grants to educators, often aimed at the grade 
school level (19). 
The Media 
Activists groups and industry are the sources from which the media get their environmental 
information. Although the paper industry has one of the most positive environmental stories to tell in 
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its reforestation work, these successes go unreported. As a result, public perception that industry is 
the enemy of forest conservation , force industry to assume a defensive posture. However, 
environmentalism is increasingly covered by all media. The environmental reporter is a new and 
welcome happening, and environmental publications in the United States number several hundred. 
As the packaging industry becomes more sophisticated in communicating with the press, and this 
media specialty matures, the consumer can only benefit (Canty et al. 20-1 ). 
Environmental Groups 
Environmentalism has won broad popular support across the United States. Environmental 
activist groups have come along way between the first Earth Day of 1970, and the Earth Day 1990. 
Today they are well organized, sophisticated in working with the press and with legislators, and more 
mainstream than ever. More than 25 percent of Americans provide financial or other support to 
environmental groups. Some of the ones with an interest in municipal solid waste issue in their stated 
charters are: Environmental Action Foundation, Environmental Defense Fund, Greenpeace United 
States, and National Audubon Society (Canty et al. 22). 
Legislators 
Prior to the National Environmental Protection Act in 1969, which established the federal 
Environmental Protection Agency (EPA), most environmental regulations were uncoordinated among 
several federal agencies. Since then, EPA has created guidelines, criteria, statements, acts, and laws 
supporting a waste management hierarchy such as: source reduction, recycling, combustion, and 
landfilling. In addition, EPA has increased an interest on environmental product labeling creating the 
"seal of approval" for products that satisfy certain environmental criteria. However, the Agency has 
studied other countries' labeling programs, whose seals apply to aerosol sprays containing no CFCs, 
adhesives and paints without solvents, phosphate-free detergents, and inks and pigments that 
contain no heavy metals. Some of these labels and symbols are illustrated next (Figure 6). 
s.c.s. 
Green Cross 
Certified 
Green Cross 
Germany's Blue Angel 
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Green Seal 
Canada's Environmental Choice 
Figure 6. Environmental Seals of Approval 
Retailers 
Administered 
by private 
enterprise 
Administered 
by the public 
sector 
On the retailer's side, a "study by the Food Marketing Institute found that half of shoppers 
surveyed were willing to switch to a supermarket that promoted environmentally friendly products and 
packaging" (Canty et al. 29). As a result, some retailers have already put into place policies to benefit 
from this trend recognizing that some consumers would make the switch. To assist in identifying 
"green" products, Green Seal and Green Cross, two independent organizations, are offering 
environmental seal of approval. While Green Seal is applied to products that are judged to reduce 
waste, from manufacturing to disposal, Green Cross has certified state-of-the-art recycled content 
and biodegradability claims for more than 350 products. Retailers in states with mandatory deposit 
law have found themselves involved in the recycling business. They have also discovered that 
recycling their own waste is good business practice (29). 
Packaging Industry 
Adopting lifecycle thinking in its environmental policy is probably the greatest opportunity for 
industry leadership. While lifecycle analysis doesn't provide definitive answers, industry can insist that 
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broader criteria in legislation affecting its products and processes should replace the single-issue 
focus. It can demonstrate lifecycle thinking in its environmental policies, and it can ask that the media, 
consumers and legislators judge it by the same broad. Finally, industry must strengthen its 
relationships with the key players in the process, and work within this partnership to define a new 
industrial ecology (Canty et al. 31 ). 
Professional Associations 
The Institute of Packaging Professionals (IPP) is an individual membership organization with 
6,500 individuals, and 150 corporate members was formed by the merger of the Society of Packaging 
Professionals and Packaging Institute International. It publishes a periodically revised document 
called IPP Packaging Reduction, Recycling and Disposal Guidelines (Institute of Packaging 
Professionals, 1990). The guidelines are "designed to help guide the packaging professional through 
the packaging structural design and engineering process while examining the environmental impact 
each decision may have" (Bakker and Gigliotti 232). 
The guidelines are in question format and, because each package will have different 
requirements, there will be different responses. The questions address issues on practical, 
theoretical, and technological levels. An example of this: "a packaging material may theoretically be 
recycled, but there may not be a practical recycling infrastructure in place; therefore, the material 
would not be recyclable at this time" explain Canty et al. (158). The guidelines are classified into five 
main sections: source reduction, recycling, degradability, disposal and legislative considerations. 
The Source Reduction Council of CONEG, a nationally recognized as an innovative 
organization on the cutting edge of public policy development, is made up of government, industry, 
and non-profit groups. Its overall objective was to achieve "no net increase on a per capita basis in 
packaging waste generation over 1989 rates .. . eliminate, to the maximum extent possible, 
packaging as a waste product as it relates to volume, weight, and toxicity" (Source Reduction Council 
of CONEG: Progress Report, March 29, 1990, p.3}. 
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The Council established committees to develop a plan to implement Preferred Packaging 
Guidelines and to create a public informational program on source reduction, targeting consumers 
and decision-makers. The guidelines recommended the following measures: elimination of package 
or packaging materials where such items are not necessary to the protection, safe handling, or 
function of the package contents, reduction of the packaging or packing material if reducing does not 
result in a net increase in municipal solid waste or cause negative health, environmental or municipal 
solid waste impacts; and design and manufacture of packaging to b returnable, refillable, and/or 
reusable. In other words, no packaging; minimal packaging; consumable, returnable, or 
refillable/reusable packaging; and recyclable packaging and/or recycled material in packaging (Canty 
etal.160). 
Designers and the Environment 
It is notable that Canty et al. don't consider the role designers play in the environmental 
arena, however, Anne Chick, Dorothy Mackenzie and Poppy Evans stress that it is imperative that 
designers include environmental concerns in the design process. 
According to the environmental design consultant Dorothy Mackenzie, in most places, design 
has not been taught in the context of its social and ecological impact, instead, many designers 
assume their area of responsibility is limited to function and appearance. Designers who keep 
environmental impact in mind do so as a matter of personal taste or individual moral responsibility. 
However, the new demands of designing for minimum ecological impact provides an ideal position 
from which designers can assert their influence, demonstrate the power of design and acknowledge 
their responsibilities (Mackenzie 9). 
By being the creator of the product or a primary decision-maker in its creation, designers can 
have a direct influence on the amount of environmental impact at each stage of the production 
process. Materials that will be used, from where they will be obtained, how the product will be 
manufactured, particular processes required to give a specific appearance or effect, use and 
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disposability might be determined, at least some of them, by designers. On the other hand, by the 
end of the Eighties, the word designer had taken on a negative connotation because of its association 
with superficiality, and the proliferation of expensive, unnecessary objects mainly to convey social 
status upon their owners. Designers have participated fully in the disposal society, creating new 
styles with increasing frequency, and therefore necessarily building in obsolescence (Mackenzie 11 ). 
Now, however, as business priorities and individual values beginning to change, designers 
have the opportunity to demonstrate that environmental considerations, along with ethical and social 
concerns, occupy a position at the center of design philosophy. 
The role of designers as the link between the manufacturing process and the customer, 
between marketing and technical requirements, has given them a central position in many companies 
in functions such as new product development. To operate as a link, designers must undertake 
research before starting the design process, and an understanding of environmental issues and the 
ability to know where to look for guidance. In addition, some technical understanding of the 
production process and the properties of materials will also be essential for the environment-
conscious designer (Mackenzie 12). 
Many companies have asked designers for imaginative ways of protecting and transporting 
their products, such as, packs that can be reused, recycled or redesigned to use less energy and raw 
materials. Packaging designers have been influenced by waste, disposal , overpackaging and 
recyclability issues. On the other hand, some designers view these issues fearing that their creativity 
will be compromised. Others face these constrains, as well as budget, client preferences and 
deadlines as a motivation to be more innovative (Chick 76). 
Designers can not take all the responsibility for creating better packaging, but it is a 
requirement for the client to decide to switch to new materials and processes. This does not prevent 
designers in helping their clients to make responsible and creative decisions toward promoting the 
environment. ''The decision process should go hand in hand with objective research on packaging 
materials and processes, and minimizing their environmental effects" adds Anne Chick (77). 
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To ensure that a product reaches the consumer in good condition, to deliver the benefits of 
hygiene and safety, to enable products to be handle easily, stacked, stored and transported, help 
consumers to identify the product in store, and provide information and usage instructions are 
packaging main functions. Therefore, designers have the challenge to produce packaging that sells 
the product, and protects effectively, but creates less environment damage (Mackenzie 92). 
An understanding of the complete life of the pack, from the production of the material, 
manufacture, distribution, end use and disposal, is required for designing a package with a minimum 
impact. The overall objective should be to use the minimum resources, nevertheless the best solution 
depends on the context such as, kind of product, usage, location, and many others. 
Graphic designers have taken the lead in packaging design. If they want to play a leading 
role in innovation to improve environment performance, they need to place more emphasis on 
technical issues related to production and to properties of materials. It will also be important to have a 
close collaboration between graphic designers, industrial designers, technologists and materials 
scientists. In addition, it will be essential for producers of packaging materials to provide objective and 
clear information about the performance of their products in the energy efficiency, recyclability, and 
additive areas. 
There are some general guidelines that designers should consider while developing their 
packaging in order to cause a minimum environmental impact. These are: use of minimum 
packaging, reuse and refill, material choice, reduction of number of containers, and a secondary use 
for packaging. 
Minimum Packaging 
Overpackaging is one of the environment's worst enemies. Modern packaging can be easily 
overdone, causing needless waste and environmental harm, even though it offers safety, hygiene, 
convenience, nutrition and information. Moreover, some manufacturers and retailers have focused on 
reducing the environmental effects of their products, but it is happening too slowly in most of the 
industry. Reducing the amount of materials is the only option that reduces the need for extraction and 
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processing of virgin materials, cuts down on energy and pollution during recycling, and reduces post-
consumer waste. Designers can provide exciting new approaches to this challenge (Chick 78-80) . 
"A frequent criticism of packaging is that more is used than is really needed to meet the 
requirements of functional performance" states Mackenzie. Products packed in single-serve units or 
blister packs, as well as luxury items such as confectioneries and cosmetics are good examples of 
over-packaging. Designers can reduce a significant amount of packaging used for some products. 
For this, some changes in consumers expectations need to occur, for example; about product 
appearance and convenience, or consumers may have to alter their usage patterns. As a result, 
consumers might be attracted to an expensive perfume or an exceptional box of chocolate packed in 
a box made from simple corrugated board (93). 
Another example of over-packaging is aerosol packs. Although aerosol might be necessary in 
certain specialized applications, such as medicine, it keeps a small quantity of product within a large 
pack. Aerosol should not be considered appropriate for every use since good alternative delivery 
systems exist. 
The difference between the product cost and the packaging cost varies depending on 
whether the product is expensive and technically simple to pack, or cheap and difficult to pack. 
Because raw material , distribution and storage costs are reduced with lighter or smaller packs, 
manufactures have a strong cost incentive to reduce the amount of packaging. Still, lightweighting 
has to be considered in the context of the entire life cycle of the package because creating a very 
light pack may not be desirable if it is not possible to use the pack again, when strength would 
become important. 
Reducing the quantity of materials for packs which go into recycling system or which are 
"one-trip" is usually beneficial by saving materials and energy. The amount of energy used in 
transportation can be minimized by the shapes of packaging. Using a square-sectioned package 
instead of circular pack gives a more efficient way of transporting products like milk, since more unit 
product can be contained in the allotted space. Another example is the octagonal corrugated box 
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used by home delivery pizza chain, it is a more efficient product since toppings are no longer a 
smudge on the pizza box lid, and it uses 10 percent less material than the usual square box 
(Mackenzie 94). 
Considerations of the packaging requirements in the context of merchandising and in-store 
dispensing opportunities can also achieve reduction in the quantity of materials. A layer of secondary 
packaging might be avoided by a protective outer display at point of sale. Likewise, reflecting the 
image the product wishes to convey, or adding impact to it, might be achieved by adding striking 
graphics to simple, standard containers creating a novel appearance. As consumers become more 
aware of the environment impact of packaging, they might value more simple, straightforward 
packaging structures. 
Specification of high-quality materials where they are not needed is another form of over-
packaging. The use of virgin white card in outer cartons is an example of this. Weight or material 
composition is often specified by habit, instead of by a closer examination of the needs of the job. So 
every effort should be made to specify the use of recycled materials where their use is acceptable in 
terms of functional performance and aesthetic appeal resulting in a great minimization of resource 
consumption (Mackenzie 95). 
Re-use and Refill 
Extending the functional lifetime of a container by re-using or refilling it minimizes the use of 
resources in the first place. Yet these processes have an environmental cost which must be 
considered. The cleaning of the container and the energy cost of collecting it should not exceed the 
energy value of manufacture. Packs may have to be re-used many times before the initial investment 
in energy is recovered, thus durability will be important. In addition, containers have to be designed to 
be easily cleaned (Mackenzie 95). 
Chick adds that washing and reusing an old glass bottle takes less energy than melting the 
same bottle to make a new one, or making a new bottle from virgin material. However, to 
manufacture a refillable bottle more energy is needed because it must be heavier to support repeated 
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use. Part of the initial investment includes energy for the bottle-washing process and extra fuel to 
distribute the heavier bottles. This investment is gradually recouped as the bottle completes a number 
of return trips (81 ). 
Some of the ways refillable systems can work are: the container being returned to the 
manufacturer for refilling, the user taking the container to a refill ing point, or the user purchasing a 
refill pack from which a more durable container can be refilled. It will depend on the manufacturing 
and distribution systems involved and on the nature of the product itself for these approaches 
become beneficial and appropriate (Mackenzie 95). 
The beverage industry has widely used return systems that operate in a closed loop between 
manufacturer and user. "In the UK, doorstep milk delivery depends on consumers returning empty 
bottles quickly, bottles and casks are returned to the manufacturer, and many food items, such as 
bread, are supplied in re-usable crates", illustrates Mackenzie (95). This system can be highly 
efficient wherever it is possible for the delivery system to double up as the collection system, the 
outlets are relatively close to the manufacturer or distribution center, and with a standardization of 
packs with every manufacturer participating in the re-use process, in case of the international trade of 
the products. 
The habit of consumers to go to the shop handling their own container to be filled from sacks 
or casks of product dates back many years ago. Table wine is still sold in this way in France and 
other countries. The original container should be able to protect the product effectively, should be 
easy to clean, and it is obtained with the initial purchase of the product. Alternative containers with 
different sizes and shapes might be available to the convenience of the consumers whenever the 
original container needs to be replaced. The refilling process could be offered as an attractive part of 
the product, as well as for a lower cost. The UK-based franchise The Body Shop, offers refills at a 
discounted price compared with the original package product. 
Refill packs might be the most practical way of accomplishing re-use in short term. One 
container, which is durable and appropriated for storing and using the product, is sold. Refill packs 
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supply the additional product requirements. Because the refills have a short life expectancy, they can 
be made from a lower-quality or a small quantity of lighter-weight material. Besides being easier and 
less heavy for consumers to take them home, refill packs also take up considerably less room in 
landfill sites because of their soft-sided and collapsible materials. Since packaging costs are reduced 
by avoiding the need to throw away significant amount of materials, original packs could be more 
attractively and intelligently designed, specially with products that are in very regular use such as 
shampoos, detergents, and other household products (Mackenzie 96). 
Material Choice 
"No one type of material can claim overall environmental superiority" states Mackenzie (97). 
Some materials are easier to recycle, while others are believed to degrade easily and harmlessly. 
Some may consume non-renewable materials or more energy in their production, but maybe have a 
longer life span. Some materials are valuable source of energy when incinerated, yet there may be 
concerns about the substances released. "Material selection has to be considered, therefore, as part 
of the total manufacturing and design process, taking into account the entire life cycle of the product 
and pack" (97). 
a. Use of recyclable materials 
The contribution made by using recyclable materials depends on a variety of factors such as: 
if there is an end use for the materials once recovered, if the manufacturer makes arrangements to 
collect the used packs, or if there is a recycling infrastructure. Recyclable materials need to have a 
market, and for this market to succeed the cost difference between recycled and virgin materials need 
to be considered. In addition, avoiding multiple layers of different materials can help the identification 
of materials during the sorting process made by the consumers at home or mechanically in a 
municipal waste site. 
b. Use of recycled material 
Packaging industries have used recycled materials for years, such as waste aluminum used 
for aluminum cans, waste-based pulp for corrugated boards, and recycled metal for cans. Designers 
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need to consider the possibility of using more recycled materials as part of the process of stimulating 
demand and encouraging efficient recycling. 
Although recycled paper has a different appearance and performance compared to virgin 
paper, it still can be used to great effect, even in the packaging of luxury items. However, materials 
directly in contact with healthcare products or food should be prevented from recycling, since they 
might carry contaminants risking consumers health. 
Recycled materials can be expensive because of the difficulties in obtaining high-quality 
waste, and the small scale of many recycling efforts. Nevertheless, the increase use of recycled 
material, in the long term, should lower packaging costs. Right now, the small additional cost 
consumers are willing to pay and support recycling efforts shows that environmentally sensitive 
packaging can deliver an "added value" benefit, and create differentiation among competitors. 
c. Biodegradable materials 
One of the answers for the increasing quantities of long-lived materials in the landfills, such 
as plastics, is the use of biodegradable materials, which would also reduce the litter problem. Though 
the speed of degradation depends on the exposure of these materials to air and water. 
Photodegradability, destruction through exposure to sunlight, has also been explored as an option for 
plastics and packaging that might end up as litter. Yet precautions on preventing the material from 
degrading prematurely have to be taken. Consequently, in the short term, most interest lies in 
recycling as the most practical way of managing the waste problem (Mackenzie 101 ). 
d. Non-hazardous materials 
Designers should avoid or minimize the use of any materials that are damaging to the health 
or to the environment during production, use and disposal. Examples of this are: emissions of dioxins 
from PVC, CFC gases contained in and used during the manufacture of some materials. 
Manufacturers and designers might find problems on the fluctuating nature of concerns about 
hazards of materials. Avoiding substances or processes that may be more dangerous or polluting 
than suitable alternatives should be the guiding principle. Even though issues may not be scientifically 
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proved, ''the precautionary principle provides an approach which minimizes exposure to risk" 
(Mackenzie 102). 
e. Reduction of number of containers 
The amount of packaging can be minimized with the reduction of containers used per unit of 
product, or with the use of bulk instead of individual containers. Finding a way of delivering the 
product in bulk directly into the user's storage facility is an approach now widely used in the transfer 
of industrial ingredients such as cement or milk powder. Another approach is dispensing items that 
are easy to store in larger sizes and regularly purchased. 
The reduction of volume of the product and the amount of packaging required can be 
achieved through the use of product concentrates. The advantage for manufacturers is that transport 
costs are reduced. For consumers, the packs are easier to handle and store. Finally, concentrated 
products use fewer materials, less packaging and less energy during production (103). 
f. Secondary use for packaging 
Possibilities of finding secondary uses for packs have been explore in order to obtain the 
greatest value out of the minimum resources. Examples of this are: a plastic soap package that 
becomes a durable soap dish, food packs that are resealable and dishwasher-proof become reusable 
food containers. Nevertheless, this approach is only beneficial to the overall waste reduction if the 
pack fulfill a real need, and makes it unnecessary to buy another product. Thus for one-off purchases 
this approach may be worthwhile. 
g. Packaging and litter 
"Packs designed for visual impact in a store unfortunately continue to have a visual impact 
while lying on a street or in a field" says Mackenzie (104). Packaging design can help to minimize the 
damage caused by litter, a social problem that can be countered by a change in individual attitudes. 
Reducing the number of components in a pack can reduce the possibility that small items are 
dropped. Also, non-detachable tops imply that the larger item is easier to clear up if it is dropped, or is 
more likely to be disposed correctly. 
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Besides its visual impact, packaging litter can cause damage to wildlife. Plastic bags if 
consumed by animals can cause starvation by blocking the digestive system, and plastic-linking rings 
for multipacks can prove hazardous to birds. Biodegradability and photodegradability might reduce 
these problems, though might encourage litter once consumers believe packages would easily 
"disappear". Eventually, the combination of improved litter bin availability, changes in public attitudes 
and packaging deposit schemes may reduce the litter problem. Until then, designers should 
incorporate bold symbols encouraging users to dispose their pack carefully. 
Packaging Designers and Environmental Problems 
As problem solvers and decision-makers, designers can have an impact upon the 
environment in many different ways: from the extraction of raw material, through the design of the 
manufacturing process; use, distribution, and disposal. This research will now indicate what designers 
can do to improve each environmental problem: 
a. greenhouse effect 
•Design products with improved energy efficiency, 
•Specifying materials which have been produced efficiently. 
b. Ozone Layer 
• No material made using CFCs need be used in packaging, as satisfactory alternatives 
exist, 
• Using alternative propellants for aerosol sprays, such as pump sprays. 
c. Tropical Deforestation 
• Using recycled papers, selecting the highest percentage of secondary fiber consistent 
with functional and aesthetic requirements, 
• Using tree free papers, such as leaf, seed, grass, and bast fibers. 
d. Waste 
• Increasing the life of a product, 
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• Reduction in the amount of materials used, 
• Use of biodegradable materials, 
• Create products that can be re-use, recycling and re-manufacture, 
•Make the components easy to disassemble, 
•Avoid using combinations of materials which are not mutually compatible, 
• Reduce the number of different types of materials used, 
• Ensure that it is possible to remove easily any components which would contaminate the 
recycling process, 
• Consider how materials can be identified, 
e. Water Pollution 
• Examining the record of suppliers of raw materials and components to ensure that their 
manufacturing processes are not unnecessarily polluting, 
•Questioning the processes by which specific ingredients are manufacture, 
• Considering the impact of dyes. 
f. Resource Consumption 
• Choose materials which occur near to their point of use, uses less energy to transport 
• Using materials made from non-renewable resources should be reusable or recyclable 
wherever possible, 
• Requesting information to raw materials suppliers about mining and extraction activities 
cause the least damage. 
• Considering the consumption of energy used throughout the chain of extraction, 
manufacture, transit, use and disposal 
Anne Chick gives some environmental guidelines for the design and selection of packaging. 
They should not only have little or no effect on the appearance or performance of a package, but also 
cost little to implement, and go along toward improving the solid-waste situation. However three main 
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factors should be considered: the raw material throughout the distribution chain and their effect on the 
environment; the energy used and its effect; and the pollution formed at each stage in the chain and 
its effect. To make the design and selection process more manageable, Chick suggests: 
• Choose or design materials that can be easily reused or recycled. If combination of 
materials creates problems for recycling, try to find alternatives. 
• Use reclaimed materials when possible. 
•Take into account any pollution that may be caused during manufacture or after use. 
• Avoid excessive packaging. Use only what is necessary. 
• Make sure that the chemicals used in a pack do not cause environmental damage. CFCs, 
for instance, contribute to the depletion of the ozone layer. 
• Support recycling and reclamation processes. For example, consider stating on the 
package what material the pack is made of. Or include consumer-education material in the 
packaging. Be sure, though, that addressing one environmental problem doesn't cause 
another. 
•Avoid colored polyethylene terephthalate (PET). 
• Avoid using pigments made with cadmium, lead or chromium. This will decrease the 
toxicity of recycled products, solid waste and incinerator ash. 
• Develop products and packages that can be compacted after use, taking up less space in a 
landfill. 
• Find out whether environmental-protection laws in any proposed market severely 
constrain the use of certain materials or increase production or disposal costs. 
• Establish a system for collecting and verifying information about the environmental 
implications of different materials or processes. 
•Make sure that the overall appearance of the package encourages efficient use, reuse and 
disposal of the pack and its contents (Chick 80) . 
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Designers and Multiple Intelligences Theory 
To communicate these environmental concerns to designers, the way they respond to 
information, and the way information can be most clearly presented to designers need to be 
understood. For example, for a professional that works with visual communication, a verbal approach 
might not be the best means. To be able to create a tool that would provide information about the 
environmental impact of a designer's choice, it is important to understand how designers think, how 
they assimilate and communicate information. Howard Gardner's Multiple Intelligences theory by is 
one approach that explains how designer's intelligences influence their way of processing 
information. 
In his book Frames of Mind, psychologist Howard Gardner, outlines a new theory of human 
intellectual competence, challenging the classical view of intelligence, or "what it means to be smart". 
His study, twenty years in development, reviews evidence of multiple intelligences from a large and 
unrelated group of sources: studies of gifted individuals, brain-damaged patients, prodigies, idiots 
savants, normal adults, normal children, experts in different lines of work, and individuals from diverse 
cultures. Gardner supports his theory with research from many fields, such as animal physiology, 
biographical studies, developmental psychology, cognitive psychology, neuroanatonomy and 
anthropology. Thomas Armstrong, in his book, Seven Kinds of Smart, explains Gardner's multiple 
intelligence theory in an accessible way, referring to his book as "your own personal cognitive self-
renewal kit" . As such, Seven Kinds of Smart includes: information on how intelligences operate, 
checklists for determining strongest and weakest intelligences, exercises, practical tips and 
suggestions for developing each intelligence, and ideas for applying the theory to your life (Armstrong 
3) . 
Gardner established four criteria to establish the intelligences. These criteria are: each 
intelligence is capable of being symbolized, has its own developmental history, is vulnerable to 
impairment through insult or injury to specific areas of the brain; and has its own culturally valued 
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characteristics. He determines seven intelligences as important modes of thought: linguistic, logical-
mathematical, spatial, musical, bodily kinesthetic, interpersonal and intrapersonal. 
The linguistic intelligence is evident on people who "can argue, persuade, entertain, instruct 
effectively through the spoken word" (Armstrong 9). Poets, lawyers, storytellers and journalists are 
examples of people who have the linguistic intelligence. They have the ability of writing clearly, 
reading fast, retaining facts in their mind, and playing with the sounds of language through puns, 
tongue twisters, and word games. It is the intelligence of words. 
The logical-mathematical intelligence is evident in people who have the ability to reason, 
sequence, create hypotheses, think in terms of cause-and-effect, look for numerical patterns, and 
enjoy rational outlook on life. The intelligence of numbers and logic is found in computer 
programmers, scientists and accountants. 
The spatial intelligence involves thinking in pictures and image. It ties "fundamentally to the 
concrete world, to the world of objects and their location in a world" explains Gardner (204). 
Armstrong defines it as " ... the ability to perceive, transform, and re-create different aspects of the 
visual-spatial world ... Highly spatial individuals often have an acute sensitivity to visual details and can 
visualize vividly, draw or sketch their ideas graphically, and orient themselves in three-dimensional 
space with ease." Such individuals are photographers, architects, artists, designers, mechanical 
engineers and pilots (1 O). 
The musical intelligence involves the capacity to appreciate, perceive, and produce rhythms 
and melodies. It is in the mind of individuals who can sing in tune, have a good ear, keep time to 
music, and can discern different musical selections. 
The bodily kinesthetic intelligence involves controlling one's body movements, as well as, the 
proficiency of handling objects. This intelligence is found on people who need to move their bodies 
frequently and/or have a good tactile sensitivity, such as athletes, craftspeople, surgeons, mechanics, 
seamstresses and carpenters. 
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The interpersonal intelligence is the ability to understand and work with people, perceiving 
and being responsive to their moods, temperaments, intentions, and desires. This intelligence is 
found on social directors, negotiators, teachers and networkers. 
The intrapersonal intelligence involves the inner self. Individuals strong on this intelligence 
are introspective, enjoy meditation, access their own feelings, discriminate between different kinds of 
inner emotional states, and use their self-understanding to enrich and guide their lives. They might 
also be highly goal-directed, independent and self-disciplined (Armstrong 11 ). 
Most people possess all seven intelligences, some standing out more than others. In 
designers, spatial intelligence is predominant resulting in their ability to transform, perceive, and re 
create different visual-spatial objects. They have a direct perception of the visual world, observing it in 
a consciously aesthetic way. Armstrong notes: 
The spatially intelligent person sees things-whether in the "real" world or in mind-that others 
are likely to miss. She also has the capacity to mold and shape these images, either through 
physical means such as drawings, sculpting, building, and inventing, or through mental 
rotations and transformations of subjective images. (45) 
He adds that "such visual perception involves a sensitivity to key elements in an artistic work, 
including shape, volume, balance, light and shade, harmony, pattern, and color" (47). 
Consequently, it is clear that a long book with a lot of textual information about materials, processes 
and life cycle analysis might not be the best media for designers. In this case, information 
communicated graphically would work better than presenting information in other forms, for example 
textually or quantitatively. 
Designers and Information 
As noted above, designers are particularly disposed to receiving information in what 
Armstrong calls a visual-spatial format. Then, they perceive, transform, and re-create different 
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aspects of the visual-spatial world and communicate them throughout their work. These skills enable 
designers to organization and clarify information. 
Diagrams and data graphics have become essential means of communication and designers 
have recognized the importance of their role in the communication process. Once data is collected 
and interpreted it becomes information. Designers visualize the information, graphically, 
diagrammatically or typographically. As a result of the designer's work, effective communication 
develops understanding and that understanding becomes knowledge. It is important to realize that 
throughout this process clarity is not an option, it is a necessity. Clarity, designers have recognized, is 
guided by a set of design principles. 
Leslie A. Segal, president of Corporate Annual Reports Inc. in 1988, on her preface in 
Graphics Diagram 1 says that diagrams are no longer considered part of decoration or supplement to 
texts, instead they became "a primary means of communication" (8). They are important tools that 
interpret and explain statistical information in a simple, meaningful and memorable way. In addition, 
diagrams deliver complex messages quickly and go beyond language barrier. 
The designer Arthur Lockwood on his book, Diagrams, tells that to accomplish a successful 
diagram, designers should have certain kinds of abilities. They must select a method of presentation 
which will achieve clarity, be aware of the ways statistic data can be represented diagrammatically, 
know how information can be incorporated in maps and know how events can be plotted in chart or 
graph form (6). 
Edward R. Tufte in his book The Visual Display of Quantitative Information explains that 
"excellence in statistical graphics consists of complex ideas communicated with clarity, precision, and 
efficiency". He gives a set of criteria that statistical graphics should have. First of all they must show 
the data, induce the viewer to pay attention on the substance rather than the graphic production, they 
also should avoid distorting what the data have to inform, and be closely integrated with the verbal 
and statistical descriptions of a data set. In addition, graphical displays should present many numbers 
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in a small space, make large data sets coherent, and encourage the eye to compare different pieces 
of data (13). 
Tufte describes graphical excellence as "the well-designed presentation of interesting data - a 
matter of substance, of statistics, and of design." It consists of complex ideas communicated with 
clarity, efficiency and precision. It tells the truth about the data giving to the viewer "the greatest 
number of ideas in the shortest time with the least ink in the smallest space" (51 ). 
According to Tufte, graphical integrity has to be truthful and revealing. It must answer the 
question "compared to what?" Therefore, context is essential. The clear and detailed representation 
of numbers and labeling should be directly proportional to the numerical quantities represented. Also, 
"graphics must not quote data out of context", and should show data variation, not design variation" 
(77). 
Elegance is found in graphics that have complexity of data and simplicity of design. Tufte 
suggests some guidance for enhancing the visual quality of statistical information: 
- have a properly chosen format and design 
- use words, numbers, and drawing together, 
- reflect a balance, a proportion, a sense of relevant scale, 
- display an accessible complexity of detail 
- often have a narrative quality, a story to tell about the data, 
- are drawn in a professional manner, with the technical details of production done with care 
- avoid content-free decoration, including "chartjunk" (177). 
Combining words, pictures and numbers make graphics more attractive and accessible to the 
viewer. However they should follow some criteria that Tufte describes as: 
1. The size of type on and around graphics should be small, once that the phrases and sentences are 
usually short, 
2. Words should be spelled out and run from left to right, 
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3. Little messages should be used to help explain data, 
4. Modest, precise and clear type should be used in upper-and-lower case and with serifs, 
5. Labels should be placed on the graphic itself avoiding the need of a legend, 
6. If color is used, colors that the color-deficient and color-blind can make sense of the graphic should 
be chosen, 
7. In relation to proportion and scale graphics should move toward horizontal about 50 percent wider 
than tall, unless the nature of the data suggests another shape for the graphic (190). 
By observing these criteria, information on materials, processes and their impact in the 
environment can be successfully communicated. The fact that such information presented in 
compliance with such criteria might explain why designers haven't found the most appropriate tool to 
provide compiled and organized information on these subjects. Next, this thesis gives an overview of 
the existing tools that provide which information and how this information is available to designers. 
Designer's Access to Information 
Designers might be able to find all information about materials, properties, processes and life 
cycle analysis that they require, however this information is not always compiled and it might come 
from many different sources. Among the many sources of information that designers might use are: 
specialized books, softwares, web sites, environment consultants, and word of mouth. The 
effectiveness of these sources depend on how complete, accessible, easy to follow, reliable, 
expensive, and user-friendly. Here is an overview of some sources of information that are available. 
The number of tools are increasing in a fast pace, so this research will not be complete, but will give a 
good indication of the sources of information for designers and other professions that are currently 
available. It is important to realize that there might be more options available by the time this work is 
completed. The sources are discussed below. 
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Books 
There are a number of books and specialized magazines about materials and properties. 
Some others are about materials and their impact in the environment during manufacture. Some 
books are written about packaging materials and others about packaging design. Others explain how 
materials have been disposed in different countries. Now days more books are focusing on Life cycle 
analysis. Few of them cover all the areas, yet, they focus on a certain subject. 
Examples of some authors and publishers that have publications on the packaging design 
subject are: Conway Lloyd Morgan in his books Packaging Design, and Great Package Design, 
Rockport Publishers in their book Eco Design: Environmentally Sound Packaging and Graphic 
Design, Laszlo Roth and its Packaging Design: an Introduction Book, Steven Sonsino in Packaging 
Design: Graphics. Materials. Technology, Stewart Mosberg in Packaging, Robert Opie in Packaging 
Source Book, Poppy Evans in The Complete Guide to Eco-Friendly Design, Primo Angeli in Designs 
for Marketing. Number One: Primo Angeli, and Packaging Design: an Introduction to the Art of 
Packaging. 
Most of the books about packaging design serve as a good illustrative source of what is now 
called: green design. They include examples of packages, the materials and processes they are 
made of, the designers' and studios' name. For example, in The Complete Guide to Eco-Friendly 
Design, Poppy Evans writes about kinds of papers, inks, printing and finishing processes. She also 
gives guidelines on how designers and a design studio can conserve energy, materials and recycle 
resources. In addition, Poppy explains about recycled papers, costs, coated and uncoated, tree-free 
papers, giving a chart of the recycled content of more than 130 papers and the manufacturers. 
Finally, she includes the work (how they were designed and produced) of designers that "combine 
their expertise with their knowledge of eco-friendly materials and techniques resulting in printed 
pieces that meet a client's objectives in an earth-friendly manner" (53). 
Some of the authors that have publications concerning packaging materials and the 
environment are: Canty, Kopf, Montrone and Stilwell, in Packaging for the Environment, Susan Selke 
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in Packaging and the Environment, Geoffrey M. Levy in Packaging in the Environment, Dorothy 
Mackenzie in Design for the Environment, Victor Papanek and his books, Design for the Real World, 
and Green Imperative, Joseph Fiksel in Design for Environment, Graedel and Allenby in Industrial 
Ecology, Hanlon in Handbook of Package Engineering, Sacharow in Handbook of Package Materials. 
In general, these sources present a database of materials, their impact in the environment, 
legislation, eco-labels, case studies, examples of life cycle assessments, etc. The book Packaging in 
the Environment edited by Geoffrey M. Levy is a good example of compiled information. It talks about 
the facts and myths surrounding the environmental aspects of packaging, explains the packaging's 
essential role in the society, reviews regulatory and legislative developments and trends, considers 
what constitutes environmentally responsible packaging manufacture, discusses and compares the 
environmental merits and differences between packaging materials as well as disposable methods, 
examines the life cycle assessment of packaging and compares environmental issues in Europe, 
North America and Japan. 
For designers, as well as the public at larger, books have certain advantages: they can be 
carried anywhere; they are easy to use because the information is always available wherever the 
books are kept, information is available in textual format as well as in the form of graphics. Even 
though graphic information is not always available in books, it is still easier to read a written hard copy 
document than to read it electronically. Anyone who has curled up with a good book knows that 
books have a unique and satisfying feel to them. 
On the other hand, in order to get all the information needed, designers may have to 
purchase several books, which might end up been a costly investment. Also, because materials, 
processes, life cycle analysis are information that are always changing, they need to be updated very 
often, designers would need to keep buying new books with recent information. Besides the cost, 
designers may find themselves spending hours compiling all the information found in different books. 
Designers can not just ask a question and wait for the book to answer, it is a non-interactive source 
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of information. The designer has to use a number of lists of materials and processes to calculate the 
impact manually. 
• Materials Software 
Information on Life Cycle Assessment of products has become largely available in a number 
of softwares. And the numbers are still increasing. These softwares have the purpose of analyzing or 
improving the environmental performances of products and processes. There is a list of forty five 
software packages, or what are called life cycle assessment tools, commercially available, their 
vendor, cost and where their databases are based from (Table 2). 
Table 2. Existing Life Cycle Assessment Software Programs, Vendor, Cost and Data Location. 
Name Vendor Cost $K Data Location 
Bousted Bousted 24 Europe 
Frauenhofer lnstitut fur 
GALA N/A Germany 
Produktionstechnologie 
CLEAN EPRI 14 us 
CUM PAN Univ. of Hohenheim N/A Germany 
Eco Assessor PIRA N/A UK 
Eco-it Pre Consulting 0.2 Europe 
EcoManager Franklin Associates, Ltd. 10 Europe/U.S. 
ECONTROL Oekoscience N/A Switzerland 
EcoPack2000 Max Bolliger 5.8 Switzerland 
Eco Pro EMPA N/A Switzerland 
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Table 2. (continued) 
Name Vendor Cost $K Data Location 
ECOSCAN 1.0 Turtle Bay 300 pounds Europe 
EcoSys Sandia/DOE N/A U.S. 
EDIP Inst. For Prod. Devel. N/A Denmark 
EMIS Carbotech N/A Switzerland 
EPS IVL N/A Sweden 
Frauenhofer Institute 
Eu kl id Lebensmitteltechnologie N/A Germany 
und Verpackung 
GaBi IPTS 10 Germany 
Heraklit Fraunhofer Inst. N/A Germany 
IDEA llASA (a)/VTT (SF) N/A Europe 
Section for 
IDEMAT 240 pounds Europe 
Environmental Design 
JEM LCA NEC corporation 970 pounds Japan 
KCL-ECO Finnish Paper Inst. 3.6 Finland 
LCA1 P&G/ETH N/A Europe 
LCAD Batte lie/DOE N/A U.S. 
LCAiT Chalmers lndustriteknik 3.5 Sweden 
LC A Sys Philips/ORIGIN N/A Netherlands 
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Table 2. (continued) 
Name Vendor Cost $K Data Location 
LIMS Chem Systems 25 U.S. 
LMS Eco-Inv. Tool Christoph Machner N/A Austria 
Fundamental Research 
NIRE LCA 2 N/A Japan 
Laboratory 
Oeko-Basell Peter Meier 5.5 Switzerland 
Oekobilanz von 
BUWAL 0.25 Switzerland 
Packstoffen 
Pe ms PIRA 9.1 Ave. European 
PIA BMl/TME 1.4 Europe 
PIUSSOECOS PSIAG N/A Germany 
PLA Visionik ApS N/A Denmark 
REGIS Sinum Gmbh N/A Switzerland 
REPAQ Franklin Associates, Ltd. 10 U.S. 
SimaPro Pre Consulting 3 Europe 
Sima Tool Leiden Univ. N/A Netherlands 
Sim box EA WAG N/A Switzerland 
TEAM ECO BALANCE 10 Europe/U.S. 
TEMIS Oko-lnstitut 0.3 Europe 
TetraSolver TetraPak N/A Europe 
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Table 2. (continued) 
Name Vendor Cost $K Data Location 
Umberto IFEU N/A Germany 
Um con Particip Gmbh N/A Germany 
The table (Table 2) of the 45 LCA software commercially available shows 11 softwares are 
based on general European data. Eight specialize in Switzerland, eight in Germany, five in the 
United States, two in the United States and Europe, two in Denmark, two in Sweden, two in the 
Netherlands, two in Japan, one in the United Kingdom, one in Finland and one in Austria. The cost of 
software varies between $200 up to $25,000. 
Most of these LCA softwares have mainly been used by experts to collect and analyze data. 
According to Eco-it demo version, until now designers have not had a tool to measure the 
environmental performance of a product. It says that "most environmental information is confusing 
and often fragmented". Eco-it advertises as being a simple and user friendly Windows program 
targeted to product and packaging designers. It works with a database of over 100 Eco-indicator 
values, which are single scores that express the seriousness of the environmental load of a process 
or material. The higher score, the more serious the impact. It is a tool that measures and optimizes 
the environmental performance of products in the design phase. 
The structure of Eco-it consists of four main phases: Life cycle, Production, Use and 
Disposal. In the Life cycle phase, requires the designer to describe the product, add the author's 
name and project name. The Production phase requires the designers to enter the structure of the 
product specifying the materials and production processes per part. The materials and processes can 
be chosen from the Select a process dialog box that holds the Eco-indicator values of material, 
energy and transport processes. The Use phase requires the designer to enter the energy and 
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transport components. This phase also allows designers to incorporate additional life cycles. The 
disposal phase requires the designer to specify the waste scenario among municipal, household, 
recycling, incineration or landfill for the product or for different parts and materials. After all the data 
is entered, the software provides an immediate feedback on the environmental load represented by 
red bars (positive value - more serious impact) and yellow bars (negative values - less serious 
impact). 
Assuming that the Eco-it provides a reliable calculation of the impact of the product, it seems 
to be a simple and straightforward tool. Once the designer enters all the information the software 
requires, Eco-it calculates the environmental impact of the product instantaneously. There is an 
automatic feedback from this interactive media. 
On the other hand, Eco-it doesn't provide other information that packaging designers should 
have access to. The database of materials and processes dialog box doesn't provide information on 
inks, printing processes and offers a limited selection of papers: board, cardboard, chlorine-free 
bleaching paper, and unbleached recycled paper. The same dialog box asks designers to enter 
energy used (electricity high or low, heat from gas or from oil, diesel engine), as well as transportation 
(aircraft continental or intercontinental, train, truck and container ship). This kind of information is 
seldom available to designers; therefore, they need to make assumptions to enter this data. Another 
limitation is the fact that once designers have chosen the materials and processes, the software 
doesn't recommend a less harmful alternative for it. Furthermore, Eco-it doesn't offer a space for 
comparison. If the designers want to compare the same product made with different materials, they 
have to input one, get the results, and then the other. There is no simultaneously comparison. 
Moreover, it doesn't provide improvement guidance. 
In the Use phase the categories Energy and Transport show up, requiring the designers 
again to assume data. Likewise, on the Disposal phase, designers need to assume and enter 
percentages of disposable methods that consumers would use for the parts of the product. This 
information should be provided by the software database, based on the percentages of the state and 
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country where the product will be distributed. In addition, the single scores that express the 
seriousness of the environmental load of the product don't specify the kind of impact and values. 
Finally, the database is limited by the fact that the software is based on, Eco-indicator 95, is valid only 
for Europe and the European level of technology. 
Engineer/Environmental Consultant 
Designers can also employ material science engineers and environmental science 
consultants to give them the information they need while developing a new product or packaging. 
Advantages of using a consultant include the reliability and currency of their information. The 
engineer/consultant can also provide specific responses to specific questions and undertake a wide 
range of different tasks related to specific problems. Finally, consultants have often already had 
experience with problems that designers are trying to solve for the first time. 
A few large companies have their own in-house consultants, but most companies hire outside 
consultants. Consultants can be hired any time during the design process. According to Gil Friend, 
environment consultant at Gil Friend Associates, the stage of the design process when consultants 
get involved varies by product. Sometimes consultants are hired at the very earliest stages, and 
sometimes after marketing or visual design has set the specifications. Friend says that the earlier, the 
better it is because they "get the most wisdom into the framework of the design, and the clearest 
statement of the design constraints that will guide and determine the process". 
Among the key parts of what consultants do are: identifying and presenting alternatives, 
strategies as well as materials; case studies; identifying advantages and disadvantages; and 
implementing strategies. This information is released in the form of a proposal, in response to a 
client's RFP (Request for Proposal) or conversation, detailing scope of work, specific deliverables, 
time line and fees. Depending on the project, consultants can provide a specific written report or 
piece of software. Friend explains the role of the consultants: 
Fundamentally, I think we help clients broaden their thinking: look at cases or options they 
may not have been aware of; ask questions they might not have otherwise asked; explore 
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options they might not have explored. If we can help them do this rigorously and efficiently, 
and help them make the "right" choice -- and implement it well -- then perhaps we have 
added some value .. . And that's the key for me: "More Value. Less stuff." (Friend) 
On the other hand, all these services have their disadvantages. Hiring an engineer/ 
consultant might have a prohibitively high cost. Their cost varies from $50 per hour up to $500 per 
hour depending on the experience, capabilities, and nature of work and credentials of the consultant. 
Web Sites 
Today, the internet provides information on a variety of subjects, including many topics 
related to both design and the environment. However, this information might not always be reliable. 
Most web sites are not peer reviewed the way journals are, and they are frequently sponsored by 
corporations seeking to market their products. It is therefore difficult to distinguish which ones to 
trust. It also provides so many links that it is difficult to navigate each site. Just like a web, you can 
start at a point and never be able to get back there. One popular search tool, Yahoo, provided 
literally hundreds of thousands of potential sites when a search was conducted on keyword related to 
Life Cycle Analysis and Green Design subjects. The user has to select which of these hundred of 
thousands sites carries the information he or she is looking for, another time consuming factor. The 
internet doesn't yet provide a search tool that is specific to user needs. Here is a list of the most 
significant and informative sites: 
Centre for Design at RM/T (Royal Melbourme Institute of Technology) 
http://www.cfd.rmit.edu.au/ 
Very good and comprehensive RMIT site covering environmental product design, strategic 
product development, market intelligence and trends analysis, life cycle assessment for design, 
'think-tank' workshops, environmental research, policy development, case studies, international 
knowledge-base. 
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Consortium on Green Design and Manufacturing (CGDM) 
http://greenmfg.me.berkeley.edu/green2/Home/lndex.html 
The Consortium on Green Design and Manufacturing (CGDM) is a multi-disciplinary research 
and educational partnership between industry, government, and academia. It was formed in 1993 by 
the University of California, Berkeley to encourage multidisciplinary research and education on 
environmental management and pollution prevention issues in critical industries. The site covers their 
objectives, their current projects, publications, softwares being developing, students, faculty and 
alumni, their profiles, projects, and e-mails, sponsors and related sites (engineering oriented). 
Corporate Design Foundation 
http://www.cdf.org/index.html 
It is a non-profit educational institution that believes both individual and organizational 
interests can be served through the effective use of design disciplines: product design, 
communication design and architecture. This site contains information on business schools, design 
firms, organizations and schools, green design, interdisciplinary courses, conferences, publications 
and related companies. The green design page provides a list of organizations and web sites that 
provide resources related to design and ecological sustainability. 
EcoDesign - lnformationpoint 
http://www.ecodesign.at/ecodesign_eng/einfuehr/index.htm 
The Austrian ECODESIGN Information point is a project by the Ministry of Science and the TU-
Vienna, Mecanical Engineering. The site includes three activities: internet pages providing links to 
interesting ECODESIGN pages in Austria and around the world; mailing list, which discuss and get 
new information about ECODESIGN-Sustainable Product Development, and events, such as 
conferences and workshops. It also gives a list of LCA software-tools reviewing, events, literature, 
products, international activities, information about institutions and funding, universities and research 
centers. 
EcoSite Index 
http://www.ecosite.co.uk/ 
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EcoSite is the world wide resource tor LCA. Their site gives a comprehensive site on Life Cycle 
Analysis, including news headlines, a user forum, reviews and links to LCA-software programs. It 
provides an inventory data and system definitions, gives a brief summary of European programs and 
criteria for ecolabel. 
Eco Tools Manual 
http://sun1.mpce.stu.mmu.ac.uk/pages/projects/dfe/pubs/dfe33/frame.htm 
This site gives a very comprehensive review of Design for Environment tools. It gives 
definition of Eco tools, their usage, differentiation, and where in the design process they are used. 
The tools are from softwares, indices and matrices, manuals, sessions and workshops. It also gives 
definition of terms and links. 
Enviro-Access, A Network of Experts Committed to the Service of the 
Environmental Industry 
http://www.enviroaccess.ca/eng/index.html#haut 
Enviro-Access is a business partner investing in the development of environmental 
technologies by supplying companies in the environmental sector with the professional services 
required during the various steps of bringing their technology to the market-place. Enviro-Access is 
one of the three Canadian Environmental Technology Advancement Centers (CETAC), whose 
responsibilities are distributed geographically. Their site shows their mission, services, conferences, 
events, partners and links. 
EnviroLink, The Online Environmental Community 
http://www.envirolink.org/ 
The Envirolink Network, is a non-profit organization, which provides the latest environmental 
news, information, products and resources for the environmental community. Envirolink also 
provides over 400 non-profit organizations with free Internet services. It provides a well designed, 
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vast and very complete site devoted to environmental information resources, such as a library, news, 
conferences, a sustainability network, a forum, reviews and many more. 
Friends of the Earth 
http://www.foe.co.uk/pubsinfo/infosyst/other_services.html 
Friends of the Earth is an international network of environmental groups, represented in 58 
countries. It is one of the leading environmental pressure groups in the UK. It is a unique network of 
campaigning local groups, working in 250 communities in England, Wales and Northern Ireland. Their 
web site provides a list of environmental information resources, National and International campaigns, 
publications, and jobs. 
GEO Global Environmental Options 
http://www.geonetwork.org/ 
It is a non-profit tax-exempt organization which seeks to restore a balance between the built 
and natural environment. The GEO home page is a gateway for the green design community to a 
wide variety of resources on sustainability including: a comprehensive bookstore, a searchable link 
library, and current news and events. GEONetwork also links to GEO's other sites. 
Green Design Network 
http://www.greendesign.net 
The Green Design Network is the centerpiece of GEO's On-line program. An Internet-based 
sustainable design and building resource center, it offers comprehensive resources in a broad range 
of interconnected areas. The site provides both detailed and summary information through the 
development of new on-line content areas and links to existing Internet resources. The site features 
the searchable Green Building Resource Center. 
Global Environment Information Centre 
http://www.geic.or.jp/ 
GEIC is a centre of United Nations University and Japan Environment Agency. It has a 
commitment to better involve civil groups and people in environmental issues. GEIC also undertakes 
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activities that involve packaging information tor use and consumption by non-experts. The site 
provides information on projects, networking and information exchange, databases, and links related 
to environment. 
Greenmap Systems 
http://www.greenmap.com/ 
Local-to-global collaboration to map the ecologically significant places in cities everywhere. 
The GW Green University Initiative 
http://www.gwu.edu/-greenu/index.html 
It is a site by The George Washington University Institute for the Environment, through The 
Green University Initiative, a public-private partnership between The U.S. Environmental Protection 
Agency and The George Washington University. Besides information about committees, strategic 
plan, institute tor the environment, this site also provides a section called Environmental Information 
Resources. This section is organized into: New Environmental Information Resources-July, 1997; 
GreenU site of the Month Award; U.S. Environmental Resources; Environmental Education Programs 
and Campus Ecology Initiatives, Environmental Career Opportunities, Environmental Usenet News 
Groups; Environmental Listservs; and WWW Search Engines. 
Hart Environmental Data 
http://www.subjectmatters.com/indicators/index.html 
It was created to fulfill two primary missions: to provide environmental data analysis, 
reporting , editing and presentation services to organizations that cannot afford full-time staff to 
perform these functions, and to direct workshops. Their site includes information on: indicators of 
sustainability, TURA (Toxic Use Reduction Act) facility reports and data analysis services. 
Hewlett Packard Packaging Program 
http://packaging.hp.com/enviro/environm.htm 
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This HP site gives a complete description of guidelines for environmentally responsible 
packaging using plastics and/or paper, including: environmental packaging strategy, design guideline, 
material reduction and reuse guidelines, environmental issues and analysis, recovery systems, 
standardized symbols and a complete glossary of terms. Easy to follow, but text oriented. 
Life Cycle Assessment (LCA) A guide to approaches, experiences and information 
sources 
http://tiger.eea.eu.int/projects/EnvMaST/lca/default.htm 
This European Environmental Agency (EAA) site gives a complete explanation about all 
factors involved during LCA, examples of applications, methodological framework, and LCA 
information sources such as, books, reports, software, internet facilities and LCA guide database 
sorted by organization name, type or geographical placement. 
02 
http://www.hrc.wmin.ac.uk/o2/ 
02 is a forum for the exploration of new possibilities in design, promoting respect for the 
environment. This eco-design association's site provides useful links to many sites which deal with 
specialist environmental enquiry, conferences and news groups. 
RTK NET The Right-to-Know-Network 
http://www.RTK.NET/ 
It is a network providing free access to numerous databases, technical support, training, text 
files, and conferences on the environment, housing, and sustainable development. It was established 
in 1989 in order to empower citizen involvement in community and government decision-making. It is 
operated by two nonprofit organizations--OMB Watch and The Unison lnstitute--and funded by 
various government agencies and foundations. The results from a query on the database are very 
descript ive, general, numerical and difficult to follow. 
Tel/us: Life-Cycle Assessment Program 
http://www.channel1.com/users/tellus/r-lca.html#USPack 
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Tellus Institute site provides information on some of their studies such as, U.S. packaging 
study and Mexico study. It also gives information about Life Cycle Design and Redesign, LCA, 
Energy, and Waste Management, LCA in Rule- Making and Methodology Development. 
U.S. Environmental Protection Agency 
http://www.epa.gov/ 
The U.S. Environmental Protection Agency site gives a detailed information about the 
agency, news and events, projects and programs, publications, laws and regulations, databases and 
softwares, offices, labs and regions, money matters and other resources. 
All these sources should help designers making a more environmentally conscious choice 
when selecting the materials and processes their product needs. However, this doesn't seem to be 
happening, or perhaps, it has been happening in a slow pace. Their interactivity is limited to supplying 
the user links and contacts. Therefore, the only way designers could use the internet to help make a 
more environmentally conscious choice while working on a project, would be by contacting the 
authors of the pages, and asking them questions or by reading the primary research behind the 
material presented on the web pages. 
It seems that an interactive media such as software or an internet site presents the best 
potential for a tool that will help designers make choices that will be environmentally sound. One 
reason for this might be because information on materials and processes and what are their 
environmental impact depend on where the product will .be manufactured, transported to, and where it 
will be disposed. So, there is a need for incorporating a database for the local area where disposal 
will occur. In addition, the database will require updating on an on-going basis. 
Another explanation of why the existing tools haven't improved the way that designers think 
about the environment might be found in the way quantitative and qualitative information is 
communicated. To succeed with such a tool, It is important to understand designer's way of thinking, 
for example, how they assimilate and express their ideas. The Multiple Intelligences Theory by 
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Howard Gardner gives a good explanation of how designers think and communicate and often, the 
existing tools are inconsistent with the "intelligence" of designers. 
The Procedure 110 of the United Nations conference Earth Summit+5, Overall Progress 
Achieved Since The United Nations Conference on Environment and Development, Report of the 
Secretary-Geral describes the problem of putting data about the environment into a usable format: 
Good quality information and data are crucial in identifying the nature and scale of problems 
but progress in collecting, organizing and presenting information in usable form has been 
mixed. The quality of information at the international level, in terms of data collection and 
development of indicators, has improved considerably since UNCED. National and local 
level information, and facilities for the exchange of such information, need to be further 
developed and improved. (Commission on Sustainable Development, Fifth session, 7-25 
April 1997) 
Introduction 
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CHAPTER 3 
METHODOLOGY 
The preceding literature review led to the methodology used to evaluate the available 
sources of information on materials, properties and lifecycle assessment for packaging designers. As 
the methodology will show, there is a need for a lifecycle assessment tool for packaging designers, 
specifically one which assists designers by pointing out environmental problems partly caused by the 
production and disposal of packaging. To develop the evidence to demonstrate this need, the 
methodology will include both analysis and creative components. Analysis and creative components 
include: 1. analyze the environmental problems associated with packaging, 2. present and analyze 
the results from focus group research with designers and engineers, and 3. compare existing 
resources with a proposed alternative. The methodology develops a prototype of an interface 
design, the creative component. 
Environmental Problems 
As indicated in the literature review, it is obvious that environmental problems are increasing. 
Part of this problem is related to the air and water pollution, solid waste, loss of biodiversity, and 
resource depletion caused during the life cycle of products and packages. Thus, the packaging 
industry is partly responsible for the current situation. 
There is much evidence of the impact of packaging on the environment. For example, the 
use of CFCs as blowing agents for plastic foams and aerosol sprays has resulted in the depletion of 
the ozone layer. Another example can be seen in the way that packaging contributes to the solid 
waste crisis and the homeless garbage barges that sail from New York City to destinations unknown. 
Furthermore, commercial forestry and deforestation by the paper industry destroys local wildlife 
habitats and contributes to the greenhouse effect. Other evidence of the adverse impact of 
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packaging include the amount of resource consumption used throughout the life cycle of packaging, 
as well as in the use of chemicals by the paper and ink industries that cause water pollution, 
acidification and eutrophication. All of these are examples of the impact of packaging on the 
environment. Even though many actions have been taken to address most of these concerns, too 
often designers are unaware of such actions, or of the size and scope of the problem. Having easy 
access to the information on environmental problems caused during the lifecycle of packages would 
make designers aware of the environmental impacts of their choices. 
Packaging design decisions may be made for many reasons. Packaging displays 
information and describes features that distinguish the product from the competitors. Thus, it is 
obvious that containment, preservation, transport, and communication are not always the primary 
functional consideration. Deliberate over-packaging may be used to enhance the appeal of the 
product to the customer. Unfortunately, the environmental price of this wasteful and inappropriate 
use of materials is high. A large amount of this superfluous packaging is produced, only to be 
disposed of in landfills, or pollute the air during incineration, while very little of it will be recycled or re-
used. It seems that industries are either unaware of the environmental problems, or knowingly prefer 
to put the environment at risk in order to offer benefits such as convenience or status to their 
consumers. 
Examples of over-packaged products are everywhere. The General Electric Halogen bulb is a 
good example: the product occupies only four percent of the paperboard surface. The bulb itself is 
contained inside a 2" x 1/2" open sided vacuum-formed plastic case, and the remaining ninety-six 
percent of the package carries information such as brand name, instructions, etc, and a hole, which 
allows the bulb to be hung on displays. It is understandable that the information about the product is 
very important and that a fragile product needs to be well protected. However, designers should find 
ways to provide these essential functions. 
Another good example of the way products are over-packaged is the line of cookies produced 
by the company L.U. Within this product line, differences in the amount of packaging exist. For 
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example, the package of the "Le Bastogne" cinnamon sugar cookies uses much less packaging than 
the "Le Petit Ecolier" chocolate topped butter cookies. The 22 "Le Bastogne" cookies are stacked 
and packed in an aluminum film sleeve, then inserted in a coated paperboard box. In contrast, the 12 
"Le Petit Ecolier'' cookies are separated and placed in a plastic tray, then wrapped by a plastic film, 
and then packed in a coated paperboard box similar to "Le Bastogne". The "Le Petit Ecolier" 
packaging serves only as a marketing function and the over packaging could be avoid by using the 
same materials as "Le Bastogne". Using just an aluminum sleeve and a paperboard box would avoid 
the use of extra material. 
"Ban Roll-on Anti-perspirant Deodorant" is another over-packed product. Packed in a coated 
paperboard box, the deodorant container consists of a polypropylene bottle with a roll- on applicator. 
The same information is printed on the plastic container except for the message "carton 100% 
recyclable, please recycle". Since "Ban Roll-on" comes in a hard plastic container, which can stand, 
on the shelf by itself, the coated paper box seems to be excessive. In fact, other Ban deodorant 
products are marketed without a box. If the idea is to stand out from its competitors on the retailer's 
shelf, "Ban Roll-on" really differentiates itself by over packing its product. 
Similar to Ban deodorant, many other products are over packaged in paperboard boxes, for 
example, Hefty trash bags, Tabasco pepper sauce, and Playtex plastic gloves, the list goes on and 
on. In contrast, other trash bags and plastic gloves display their information on a printed plastic bag, 
and other sauces carry all their information on the label fixed on the glass bottles. 
Packaging designers should have more information available before they make the decision 
to create over-packaged designs. Having more information will permit designers to make more 
informed, environmentally conscious decisions. 
Survey 
To understand how designers find information and what kinds of information they use, a group of 
designers were interviewed. The designers interviewed were selected from among the design 
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studios whose names and works appeared in the books Eco-Design. Environmentally Sound 
Packaging and Graphic Design by Rockport Publishers, and The Complete Guide to Eco-Friendly 
Design by Poppy Evans as well as from Industrial Design Forum and Graphics newsgroups. These 
two newsgroups are not specifically known to be interested in the environment, but in design issues. 
The same questions were asked to both groups with the assumption that they use some kind of 
informative resource, such as books, softwares, web sites, or environment consultants, at some point 
in the selection of materials and processes. The interviewees did not know that the questions asked 
were related to their ecological choices, so their answers would be unbiased. The questions asked in 
the survey were: 
1. Have you used any of these resources to help you choose the materials you use in your 
packaging design? 
a. engineering support, environment consultant 
b. books 
c. any kind of software on materials 
d. web site 
e. or do you use whatever materials the client requests 
2. If yes, which of the above have you used? 
3. How effective are these resources in the following: 
a. navigation? 
b. information structuring? 
c. presentation of alternatives? 
4. What could be done to improve these resources? 
5. If you don't use any of them, how do you make your materials and processes selection? 
Do you have any comments? Please explain. 
Telephone interviews were conducted with the design studios, while the designers from the 
newsgroups were contacted by e-mail. There were no significant differences between respondents 
from listservers compared to those from eco-design books. Their responses not only reveal their 
interest, but also provide much insight into the question of how designers find and use information. 
In general, designers used all of the different sources of information cited in the questions 
above: books, consultants, and web sites, except software. However, none of the designers said 
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they used the information in a systematic and organized way. One typical description of how they 
used information was as "inspiration'', not necessarily for ecological choices. Similarly, "browsing" 
was also used to characterize the process of seeking information, both in books and on the Internet. 
Experts, such as consultants, engineers, or the product managers of the suppliers were also 
identified as sources of specific kinds of information. 
Designers expressed frustration with the availability of information, as Pierre Patenaude, 
project manager industrial design of CSTPQ in Quebec, Canada, observed: 
Books are incomplete, and the information they provide is vague. Free Web sites are rare 
and often based on manufactures so they never have cross-references. The information they 
provide is incomplete. It seems that manufacturers want to guide you towards products on 
which they want to boost sales. 
The designer Blair Parkhill added "a neutral source needs to write literature on packaging for 
a specific product, unbiased by specific companies". Gregg Glaviano, a designer with Graphik 
Communications said that he would like to have access to information about unusual materials for 
packaging available on the web. 
Environmental problems, the prevalence of over-packaged products, and feedback from the 
interviews indicate that packaging designers need to be more informed about the environmental 
impact of their decisions. It also shows the lack of available tools that would assist designers to make 
better decisions about their material choice. 
Evaluation of Existing Resources 
Four existing resources, one book, one software program, one environmental consultant, and 
one web site, were chosen to be examples of each different potential sources of information. Then, 
the usefulness of each of these resources was compared in terms of a set of criteria necessary for 
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them to appeal to designers. In addition, the sources were evaluated according to the subjects they 
covered. 
The Book Example 
Packaging for the Environment by Canty, Kopf, Montrone and Stilwell published in 1991 was 
chosen as the book because of its easy readability. The book covers topics such as the structure and 
limitations of the packaging industry, the limitations and opportunities of packaging materials covering 
environmental issues surrounding plastic, paper, metal, glass and composites. It also explains the 
waste management technologies covering recycling, incineration, composting, and their supporting 
infrastructure. Finally, it gives information on the environmental scene in Europe and Japan, as well 
as tools and guidelines to understand the environmental consequences of the entire product lifecycle. 
The Software Example 
Among all the other softwares, Eco-it was chosen for being a program targeted to product 
and packaging designers. As described in chapter 2, this software is a simple and straightforward 
tool. After the designer enters all the information required on the software's four main sections, Life 
Cycle, Production, Use and Disposal, the environmental impact of the product is calculated 
instantaneously. To calculate the results, Eco-it uses a database developed for Eco-indicator 95, 
which is valid only for Europe and the European level of technology. The results of the calculation 
are displayed in a bar or pie chart system. 
The Environmental Consultant Example 
Gil Friend, the president of Gil Friend and Associates, is the environmental consultant chosen 
as an example of another source of information. A systems ecologist and business strategist, he has 
founded and managed several companies specializing in sustainable development and social 
marketing, and has developed business, operating and marketing plans and environmental 
management strategies for large and small companies in a wide range of industries. 
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The Web Site Example 
The Hewlett Packard Packaging Program was the web site chosen because of its complete 
description of guidelines for environmentally responsible packaging. It includes information on 
plastic, paper, environmental packaging strategy, design guideline, material reduction and reuse 
guidelines, environmental issues and analysis, recovery systems and an extensive glossary of terms. 
Criteria 
Accuracy 
Information that is correct, precise, and up to date, is the first criteria for choosing the best 
source. The information source designers use should be reliable, so their choices on materials and 
processes will be also accurate. 
To be accurate, all sources must be up-dated on a regular pasis. Books are the least likely to 
be current. For example, the first and only edition of Packaging for the Environment was published in 
1991. Web sites don't normally take that long to be updated; however, the Hewlett Packard 
Packaging Program site was last updated in July 1992. Environmental consultants have the skills to 
offer updated information to their clients. Software programs have a tendency to come up with a new 
version whenever their database becomes out dated. Eco-it software is based on the database, Eco-
indicator 95, but it also provides space for the users to install their own database. 
Besides being current, the information should come from an unbiased source. Paper, metal, 
plastics and other industries would tend to provide favorable information about their products. For 
designers to make good choices, they should get their information from neutral sources and not rely 
on information publish by organizations with ties to particular industries. 
Comprehensive Information 
The importance of this criteria is related to the fact that designers don't want to browse or 
consult many sources to obtain specific information. They would rather have one source that would 
provide all the necessary information. 
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Environmental consultants are the sources that can find and provide any information 
requested by the designer. Unlike consultants, all the other sources seem to lack some kind of 
information. For example, the book Packaging for the Environment and the HP web site lack 
suggestions providing immediate alternatives for different materials, and disposal percentages by 
geographic location. The HP web site also is limited since it provides extensive information that 
covers only plastics and papers. 
There were many problems with the comprehensiveness of the information included in the 
Eco-it software: 1. There is a lack of information on inks, printing processes and a limited selection of 
papers; 2. It requests information that is seldom given to designers, such as: amount of energy used 
during manufacturing, kind of transportation, and percentages of disposal methods; 3. It doesn't 
provide space for simultaneous comparison; 4. It doesn't provide improvement guidance, 5. The 
environmental results expressed numerically or graphically don't specify the kind of impact the 
designer's choice makes. 
If designers are going to become more environmentally conscious about their design choices, 
there are a number subjects that they need to be able to access. The subjects covered should: 
• offer information on Life Cycle Assessment of all papers, inks, plastic, metals and glass, 
• offer information on materials and processes, 
• link properties to specific materials, 
• offer simultaneously comparison, 
• offer environmental alternatives, 
• offer definition of terms, 
• include information on percentages of disposable materials by geographic location. 
Organization 
In addition to being accurate and compiled, information should also be well organized. It 
doesn't help to have one source with compiled information if that source is difficult to use. In other 
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words, information should be organized in a way that is easy to navigate, and expressed in a 
vocabulary understood by the user. This criteria was very successful in all the sources. 
Accessibility 
Besides the importance of information being accurate, compiled and organized, it also needs 
to be available whenever and wherever it is needed. This criteria is quite important because most 
work places demand that projects be completed as quickly as possible. The philosophy "time is 
money" is commonly applied in the design environment. Therefore, designers need information to be 
accessible whenever they need it. Many designers give up on getting information if it is not easily 
accessible, unless the information is crucial to their project. 
Bookstores are everywhere, and the advantages of purchasing a book are well known. Books 
can be carried anywhere, and information is always available wherever the books are kept. Likewise 
web sites are a great source of information which can be accessed anytime. Similarly, after the 
purchase and installation of a material software program, designers can start getting information 
anytime. Though consultants should be accessible anytime, from anywhere once they are paid for 
their services, in reality, there are a number of limitations. Consultants are usually not available 
twenty-four hours a day, seven days a week, while software programs, books, and web sites can be 
accessed anytime. In addition, Consultants frequently provide a written report that may take a long 
time to write. 
Cost 
The price paid to acquire or accomplish anything is another factor that weighs into the 
decision of which source a designer will choose to employ. Of course, anybody would prefer a more 
affordable source of information than a more expensive one, if they provide the same information. 
Books and web sites have great cost advantage over materials software and environment 
consultants. As indicated on the literature review, the cost of material software programs vary from 
$200 up to $25,000, and the hour of an environmental consultant vary from $50 to $500. In contrast 
books are comparatively cheap. There are web sites that are free, often because they are supported 
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by advertising, so it is hard to know if they provide the kind of information designers are seeking. 
Other web sites may require the user to pay a subscriber fee to have access to their information. 
Responsiveness 
Information sources must respond to the needs of the user. The advantage of a source being 
interactive is that the user can ask questions and have them answered right away. 
Books are a non-interactive source of information because designers can not ask a question 
and wait for the book to answer. On the other hand, consultants are the most efficient source of 
responsiveness because even if the consultants don't know the requested information, they will soon 
provide answers as part of their job. Likewise, materials software programs are able to calculate and 
to respond to designers' queries, as well as web sites that have the advantage of providing a format 
for questions, or a person to contact. Table 3 evaluates and compares the sources of information. 
Based on the matrix in Table 3, it can be concluded that none of the available resources 
provide designers the information that provides comprehensive data in a way designers understand; 
offering alternatives, explaining the environmental risks, and allowing easy to navigation. This tool 
should assist packaging designers in making decisions, to inform them about the environmental 
implications of their choices, and thus, educate them. 
The Prototype 
In response to the above analysis, a prototype of an interface design for packaging designers 
called ''TERRA eco design tool" has been developed. Ideally, this tool would provide organized and 
comprehensive information on materials, properties, processes and life cycle assessment in a 
manner that would appeal to the designer's preference for information presented visually or 
graphically. Using the tool, designers could more easily increase their understanding of issues of 
design and the environment. While it will not help stop specific problems such as over-packaging, it 
will influence them to make more appropriate decisions about the quantity of packaging, as well as 
the kind of materials used for each product. 
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Table 3. Evaluating Sources of Information in a Matrix System. 
• Excellent @ Good 
. 
@Average 0 Worse than Average QPoor 
ENVIRONMENT 
BOOK SOFTWARE WEB-SITE 
CONSULTANT 
Packaging 
Hewlett Packard 
for the Gil Friend Eco -It 
ATTRIBUTES Environment 
Packaging Program 
Accuracy @ 
• • @ Comprehensiveness @ . • 0 . ® . Organization 
• • • • Accessibility 
• @ . @ • Cost 
• 0 @ • Responsiveness 0 • • • SUBJECTS COVERED 
LCA of Materials 
• • @ 0 Materials &Processes 
• • @ 0 Properties &Materials 
• • 0 0 Comparison 0 • ® 0 Alternatives 0 • 0 0 Definitions 
• • @ • Disposable O/o 0 • 0 0 
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This prototype could be effective as either a software program or a web site. In either case, it 
would carry a complete life cycle assessment database, and it would allow users to add theirs as well. 
In addition, TERRA could be bundled with design software such as Adobe Illustrator, Adobe 
Photoshop, QuarkXpress, Macromedia Freehand, etc. In either form, it would be a tool that can 
provide information in a comprehensive, accessible and user-friendly way. 
Some assumptions are made to assure the success of this prototype. First, it is assumed 
that the program and the database that calculates the environmental impact of the user's selection 
will be continually updated. It is also assumed that the designer is familiar with finishing processes 
and coatings used in the production of products. Furthermore, its cost will be comparable to that of 
other design software programs. 
''TERRA eco design tool" is organized in seven main phases: 1. Project, 2. Materials, 
3. Production, 4. Distribution/Use, 5. Disposal, 6. Environmental Impact, and 7. Lifecycle Assessment. 
TERRA also provides an introduction page that explains what it can do for the user, as well as, a 
page of instructions. The following pages (Figure 6-25) show the form and function the interface of 
''TERRA eco design tool". These examples illustrate what the user will see after clicking the 
"EXAMPLE" button as well as while entering data. Throughout the description of the examples, the 
term "user'' will be employed to describe the designer using the software. 
Description and Operation 
On the opening screen, TERRA introduces itself and its goals of information, education and 
assistance on a background that shows the four elements of nature: air, water, fire and earth (Figure 
7). When the user clicks on any part of the opening screen, the next screen will appear. 
The "Welcome to TERRA" screen introduces the functions of the tool and its usefulness to 
the user (Figure 8). Two navigation buttons are placed on the lower right corner, which guide the user 
to the Instructions screen, or, if the user knows how to operate the tool, the "START' button directly 
opens the program. 
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TERRA eco design tool is a designer friendly interface developed to enable graphic and packaging designers 
to understand the environmental impact of their design choices from raw material to disposal. TERRA uses 
Lifecycle Assessment to evaluate the environmental burdens associated with products and packages, to 
assess the impacts on the environment, and to identify opportunities for improvement. 
TERRA eco design tool 
1. provides a complete database of materials and processes, 
2. identifies the materials available with the properties needed for each part of your product, 
3. offers alternatives to the materials chosen, 
4. provides two options for each parUcomponent of your product, 
5. calculates and compare the environmental impact of the options of each 
part of your product during materials, production, distribution/use, disposal and 
life cycle assessment phases, 
6. builds the product lifecycle, 
7. enables you to compare your product according to different variables (materials, processes, 
location of production and distribution, life time and disposal). 
INSTRUCTIONS START 
Figure 8. Introduction Screen 
_. 
0 
0 
1. fill in the blank wherever it is required, ,--- . --=1 
2. double click on the words inside the rectangles to select them, I Cardboard paper I 
3. use pull down menus when available to select options, Days ~ , ~~ 
4. click on • to link to an explanation of this software options, Month$ 1 
llllllllllllii. Years 2 
5. click on [ii; to get back to the home page, 3 
6. click on a to print the tabular information on each phase, 
7. click on 431"3;1114'$ to calculate the environmental impact of your selected options, 
8. click on 4ftfli•M+ when you have selected your final options, 
9. click on *l'kii#iri* if your product has more than one part. 
Consider labels and caps as separate parts of your product. 
•=!iffll'lli'' 
Figure 9. Instructions Screen 
Cap 
Bottle 
Label 
--
0 
Product Name Author 
[ Fruit juice container l [oo~glas L: Johansen I 
Description 
A fruit juice packaging with the capacity of 1 liter per bottle. 
It will be manufactured in the U.S. and sold in Great Britain . 
The fru it juice is not concentrate, it is ready to drink. The 
drink is made from the fruit pulp, and it is not carbonated. 
~ , • £:1 "-
Figure 10. Example of the Project Phase Screen 
Date 
1-3/12/99 . u I 
_.. 
0 
I\) 
[--FruitTuice- container-J 
Significant Properties 
Mechanical • Optical clarity 
Phy~ical • Chemical resistance 
Electrical • Food compability 
Thermal • Ultra Violet stability 
-----~ Moisture resistance 
Lubrici 
" 
Double click on 5 
significant properties 
the materials need to 
have and indicate their 
importance by ranking 
1 (most significant) 
to 5 (least significant). 
~ , • Ll ~ 
Expected Lifetime 
of the Product 
Qouble click on the 
time period of the 
expected lifetime of 
your product. 
Figure 11 . Example of the Materials Phase Screen 
I Part QJ [BOtt~----~=1 
~nter the part number (click twice) 
and fill in the description of each major 
component of your product. 
Recommended 
Materials 
§hown here are the 
recommended 
materials based 
on the properties 
you selected and 
environmental impact. 
Select one material 
for each option from 
the Recommended 
Materials; or, if you 
know the materials 
you need, choose 
them here by 
clicking twice. 
•amaa'r"t' ~ 
..... 
0 
w 
I Fruit juice container I 
Significant Properties 
Physical/Chemical 
Impact in the 
Environment 
Click on 
any bar 
High 
for further 
information 
, 
• ~ Ll j!! 
Part [!] I Bottle I 
Expected lifetime 
of the product 
Recommended 
Materials 
Months/2 Glass 
*Significant Environmental Impact Click here for explanations and suggestions 
Resource Depletion Biodiversity 
Click on the environmental consequences to get their definitions. 
Materials/Option 1 
Glass 
Solid Waste 
don't forget to save 
your data before going 
to the next phase. 
.SAVE DATA 
~ 
•ama••r1ftJ SAVE DATA 
Figure 12. Results from the Example of the Materials Phase Screen 
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0 
~ 
r F~~~ juice container I Part GJ I Bottle I 
Capacity/ Units of Laminations 
Materials/Option 1 Volume Measure Finishing Process & Coatings 
1 Kilos Bending None 
" 2 · ; Liters ~ Blowing 11> . Press-and-blow Anodizing 
3 Grams ~ Extrusion • Blow'°nd-~ow Lamination Materials/Option 2 ~ 4 Gallons Folding 11> Metalic oxide . h I 0 j Plastic - HOPE I 01 5 Ounces (ti .) Injection Printing 6 Pounds Machining Silicone ... 
7 Ounces (wt.) Rolling ~--· ·-- S1,Jlfur compounds 
.... 
.... .... 
.... 
?t 4 -::::.• 
Figure 13. Example of the Production Phase Screen 
[ Fruit juice container I Part GJ I Bottle I 
Capacity/ Units of 
Materials/Option 1 Volume Measure Finishing Process 
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Materials/Option 2 
j Plastic - HOPE 
Impact in the 
Environment 
Click on 
any bar 
High 
for further 
information 
I 
'* 
I 1 I j Liter I 
* 
l 1nje_ction I 
_._Significant Environmental Impact 
~ Click here for explanations 
and suggestions 
Laminations 
& Coatings 
I .None I 
* 
Low-t--~--''--~~~~+-~~"-~-'-~~~~~+-~~"-~--''--~~~~-+-~~-"~~....._~~~~~-1-~~--l:.-~-:i.~~~ 
Air Pollution Water Pollution 'Resource Depletion Biodiversity Solid Waste 
?t fl -o:i •ama•·mn-• '"1-\Tl!'ltl'tPi 
Figure 14. Results from the Example of the Production Phase Screen 
I ~ 0 
0) 
j F~itj~i~ ~~ntainer I Part [TI I Bottle I 
Materials/Option 1 Location of Production Location of Distribution 
Glass 
Materials/Option 2 
I Plastic - HOPE I 
~ ? • fl -'# 
United States 
Canada 
Central America 
South America 
Asia 
Europe 
Australia 
Africa 
Islands 
Figure 15. Example of the Distribution/Use Phase Screen 
lrr==============;--i 
.,
1 Nationwide 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
.. 1 Colorado 
Connecticut 
Delaware 
.. 
Io make multiple selection~ 
within a table, hold down 
the Control key (Windows) 
or Apple key (Mac) while 
selecting the desired locations. 
United States 
Canada 
Central America ., 
South America ., 
Asia 
Europe Austria 
Australia Belgium 
Africa Bulgaria 
Islands Czech Republic 
Denmark 
Finland 
France 
Germany 
Gr~,afBritain ai... 
Greece '\ 
.. 
'IP'lnvtJ ~ 
...... 
0 
-....J 
I Fruit juice container I 
Materials/Option 1 
Glass 
Materials/Option 2 
!_Plastic - HOPE 
Impact in the 
Environment 
Click on 
any bar 
High 
for further 
information 
? t 4 
--
I ,. '•• ..,. -.. _, 
Part LJ] I Bottle I 
Location of Production Location of Distribution 
California Great Britain 
I Maine I .. '7'."";;-.~,--~~;;..r·"-:::~, ~· ~.: I Great Britain 
....... Significant Environmental Impact 
~ Click here for explanations 
and suggestions 
Water Pollution 'Resource Depletion Biodiversity 
I ._. .'"· ·:rr·: ···--., 
Solid Waste 
I 
•:m•aa•pp -..w1•mp 
Figure 16. Results from the Example of the Distribution/Use Phase Screen 
I 0 00 
TERRA will provide the current statistical data for the methods of disposal for the country/region 
you selected for distribution. The total of all columns is 100 percent. If the product will only be sold locally, 
the designer may adjust the values to accommodate local conditions. One hundred percent landfill is the 
default if data is unavailable. 
I Fruit juice container I 
Materials/Option 1 
Glass 
Materials/Option 2 
I Plastic - HOPE I. 
, 
• ~ 4. -==i' 
Location of Distribution 
I Great Britain I 
Landfill Incineration 
l 34% I 
Figure 17. Example of the Disposal Phase Screen 
Part ITJ I Bottle I 
Recycle Re-Use 
l 45% I 
..... 
0 
co 
I Fruit juice container I 
Materials/Option 1 
Materials/Option 2 
I 
Plastic - HOPE 
Impact in the 
Environment 
Click on 
any bar 
High 
Location of Distribution I Great Britain I Part [I I Bottle I 
Landfill 
I 34% I 
Incineration 
I 20% I I 45% I 
* Significant Environmental Impact Click here for explanations and suggestions 
Re-Use 
* ~fu~~ I 
informati::w~ I I I r :; :c'J' I r-:-i ' I I I I I I 
, 
• t 
Air Pollution 
fl 
-:::; 
Water Pollution 'Resource Depletion 
Figure 18. Results from the Example of the Disposal Phase Screen 
Biodiversity Solid Waste 
.,S"ffil•'J'tJ "'1tm!'11'' 
... 
0 
This screen compares the environmental impact of each phase of the product lifecycle. 
! F~it]~i~ container J Part [j I Bottle I 
CAPACITY/ FINISHING LAMINATIONS LOCATION OF LOCATION OF 
MATERIALS LIFETIME VOLUME PROCESS & COATINGS PRODUCTION DISTRIBUTION DISPOSAL 
Glass ~:_:_ Montl'lsi2 C::J .~ ...... -..... ,· .· ., 
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Figure 19. Environmental Impact of all Phases 
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This screen inventories the inputs and outputs related to energy and materials in the lifecycle of a product or 
package, and evaluates the effects of this inventory on the environment. 
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Figure 23. First Screen of the Production Phase 
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TERRA eco design tool will provide the current statistical data for the methods of disposal for the 
country/region you selected for distribution. The total of all columns is 100 percent. If the product will only 
be sold locally, the designer may adjust the values to accommodate local conditions. One hundred percent 
landfill is the default if data is unavailable. 
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Figure 25. First Screen of the Disposal Phase 
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The "Instructions" screen (Figure 9) explains how to operate TERRA. The instructions 
feature graphics that illustrate how to input data, and when and why to use the navigation buttons. 
The "EXAMPLE" and "START' buttons are placed on the right side bottom of the screen. The 
"EXAMPLE" button allows navigation throughout the program by way of an example of the 
development of one part of a product. The "START' button will open the TERRA program and permit 
the user to enter data and compute results. Several design features allow for ease of navigation. At 
the top of each screen throughout the program, the user will find the number of the phase, a 
description of its function, and a color system. These three coding elements will give the user 
assistance in navigating the program. The user will also find three icons placed in the bottom left 
corner of every screen: a question mark, a house, and a printer. The question mark links to the 
explanations of the software options, "Help", the house will direct the user to the first page, "Home", 
the printer allows the tabular information of each screen to be printed. 
The design hierarchy for each page is organized from top to bottom and left to right, so that 
as the data is entered, the user progresses toward the navigation buttons in the bottom right corner of 
the screen. There is also color variation to assist the user in distinguishing between the first and 
second options. The theme colors for each screen were chosen to be easily distinguished when 
displayed next to one another when the calculations are presented in the result screens. 
"Project" is the first phase of the program. Here, TERRA requests the user to enter the name 
of the product, the author's name, the date, and a description of the project (Figure 10). This 
information will be saved and used throughout the whole program. In the "Example", a fruit juice 
container is used to illustrate all the example screens (Figure 10, 11 , 13, 15, and 17). The product 
name entered by the user in the Project phase will automatically appear in the text box at the left top 
corner of all the screens. When the user finishes inputting the Project information, the user 
progresses to the "Materials" screen by clicking on the "SAVE DATA" button. The "SAVE DATA" 
button will always guide the user to the next screen. 
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On the "Materials" screen, phase 2, the user encounters text boxes where the part number 
and description must be entered (Figure 22). This information will appear in all subsequent screens. 
Instruction on how to enter information or select choices are provided on the screen close to the text 
boxes. 
The Materials phase assists the user to choose the materials that better suit the needs of the 
designer and the environment. The user has the choice of entering two materials. If the material is 
known, it can be selected on the last pull down menu boxes on the right. Otherwise, he can find out 
which materials will suit the product by selecting and ranking five most significant properties, and by 
selecting the time period of the expected lifetime of the product. TERRA will recommend two 
materials based on these properties, lifetime of the product, and environmental impact. An example 
is provided on how to use the Materials phase on the "Materials• example" screen (Figure 11 ). In the 
example, the user sees how to select from the pull down menus. 
After entering all the required information, the user needs to click on the "ENTER DATA" 
button. The results will show the environmental impact of the selected materials during extraction and 
processing. This screen shows the data entered and a bar chart with the intensity of the 
environmental impact of the two materials being compared (Figure 12). A red starburst symbol is 
placed on bars that indicate significant environmental impacts. The user can click on the symbol for 
an explanation. The user can also click on the "Environmental Consequences" presented on the bar 
to get definitions. 
If the user is not satisfied with the results of the materials selection, he can enter other 
materials and click on "ENTER DAT A" again. TERRA will calculate the environmental impact of the 
new selections until the user clicks "SAVE DATA". 
The "Materials" phase is followed by the "Production" phase (Figure 23), the third screen. 
This screen allows the user to define the capacity or volume of the package, its processes, coatings 
and laminates. The name of the product, the part, materials options 1 and 2 which were entered and 
selected on previous screens are displayed on the screen, as shown in the example of the Production 
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phase (Figure 13). After making all the selections on this screen, the user needs to click "ENTER 
DATA". TERRA will show the environmental consequences of the user's selections for the 
"Production" phase (Figure 14). The user again can enter new data, or save the data entered. 
When the data is saved in the "Production" screen, TERRA will display the number four 
screen, the "Distribution/Use" phase (Figure 24). This screen allows the user to select the location 
where the product will be manufactured and distributed (Figure 19). With this information TERRA will 
calculate the environmental impact of the product based on the energy consumption during 
transportation (Figure 15). 
After saving data in the "Distribution /Use" screen, the user is conducted to the "Disposal" 
screen (Figure 25), the fifth screen. This screen provides the current statistical data for the disposal 
methods in the distribution location. The total of all disposal methods is one hundred percent. The 
location of distribution entered during "Distribution/Use" phase will appear again here, assuming that 
the product will be disposed where it is distributed. If data is not available, TERRA will assume one 
hundred percent landfill. In this case, the user can adjust the values to accommodate local conditions 
(Figure 17). After entering data, the results of the Disposal phase are shown (Figure 18). 
The user is guided to the "Environmental Impact" screen, number 6, after saving the data in 
the "Disposal" phase. This new screen shows all the selections made during all phases and the 
environmental impact of the two selected materials (Figure 19). By having all the phases, materials 
and impacts displayed in one bar chart, the user is able to compare the two materials options, and 
analyses which areas need to be improved. The "NEXT' button on the "Environmental Impact" phase 
leads to the "Lifecycle Assessment" screen. 
The "Lifecycle Assessment" screen, number 7, again shows the user's previous selections 
inputs, relating the stages of product's lifecycle and the environmental impacts (Figure 20). At the 
end, the user has the choice to evaluate another part of the product by clicking the "NEXT PART' 
button, to start a new product by clicking on "START OVER", or to quit the program. 
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CHAPTER4 
RECOMMENDATIONS AND FUTURE CONSIDERATIONS 
In considering the direction of future research, it is important to understand how the prototype 
has improved upon current conditions. 
Evaluation of the Prototype 
The method used in Table 3 to evaluate the previous sources of information is repeated in 
Table 4, comparing ''TERRA eco design tool" with existing sources. 
Assuming that "TERRA eco design tool" will be in the form of software or a web site, its 
accuracy would depend on how often the database would be updated. Because of this, the prototype 
was evaluated as "Good". The intertace prototype received "Excellent" on "Comprehensiveness" 
because it covers subjects such as, materials, processes, properties, and lifecycle assessment, in 
only one source. 
The excellent rating for "Organization" is the result of its being easy to navigate. Its 
organization makes the tool self-explanatory. It communicates complex ideas with clarity and 
efficiency. ''TERRA" follows some guidelines suggested by Edward R. Tufte for graphical excellence 
such as: 
- shows data 
- induces viewer to pay attention on the substance rather than the graphic production, 
- encourage the eye to compare different pieces of data, 
- uses little messages to help explain data, 
- shows data variation, and not design variation. 
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Table 4. Evaluating the Prototype in a Matrix System. 
• Excellent ®Good @Average 0 Worse than Average Q Poor 
ENVIRONMENT INTERFACE BOOK SOFTWARE WEB-SITE 
CONSULTANT PROTOTYPE 
Hewlett 
Packaging 
Packard TERRA eco 
for the Gil Friend Eco -It 
Environment. 
Packaging design tool 
ATTRIBUTES Program 
Accuracy @ • • ® 
@ 
Comprehensive 
ness 0 • ® @ . • Organization 
• • • • • Accessibility 
• 0 ® • • Cost e 0 @ e e 
Responsiveness 0 • • • -SUBJECTS COVERED 
LCA of e • @ 0 • Materials 
Materials 
• • ® 0 • &Processes 
Properties & 
- • 0 0 • Materials 
Comparison ® . • 0 . 0 • Alternatives 0 • 0 0 -Definitions 
• • 
@ • • Disposable % 0 • 0 0 • 
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On the attribute "Accessibility'', ''TERRA" received a "Excellent" because in the form of 
software, once the program is installed in the designer computer, it would be ready to start at any 
time. In the form of web site, designers could assess anytime providing they had access to the 
Internet. 
As mentioned previously, as software, the cost of ''TERRA" would be similar to design 
software programs that vary from $200 to $500. As a web site, assuming the designer has a 
computer connected to the Internet, "TERRA" would be offered as a subscription service. 
The prototype in both versions, web site and software, would be interactive. The user enters 
and selects data, and in response ''TERRA" will inform, calculate, assist and educate. The tool 
would also be able to respond to user questions. For all these reasons, ''TERRA" received a 
"Excellent" on "Responsiveness". 
The interface prototype was evaluated as "Excellent" on all the "INFORMATION ON" subjects 
for providing information on all the areas described. 
Recommendations and Future Considerations 
It is clear that designers would benefit from software that assists them in making more 
environmentally conscious decisions. TERRA presents one way that such software might work. 
There are a number of recommendations and considerations that result from the work done on 
TERRA. In general, its prospects are excellent, while the limitations are few and easy to remedy. 
Software Engineering and Development 
Currently, TERRA exists only as a prototype of an interface design. To be functional, the 
software would need to be engineered to permit TERRA to use real data and real user inputs in the · 
generation of results. Fortunately, there are a number of commercial software packages available 
and plenty of programming expertise that can accomplish this as both a web site and a software 
package. 
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Another software engineering related issue is making TERRA compatible with the software 
packages that most designers use. If TERRA operates as a feature of the design software while 
designers are creating their designs, TERRA would be a much stronger tool. Assuming that the 
developers of popular design software see the usefulness of TERRA, it should be easy to make it 
compatible with almost any design software package. 
Ultimately, there are few constraints posed by software engineering. 
Updated Information 
For TERRA to be accurate, its database would need to be updated on a regular basis. This is 
a challenge. Even such large powerful organizations as the United Nations have a hard time 
documenting current information about environmental conditions. In spite of this, the problems 
related to the environment are well known and there is already a body of information to work with. 
Updating such information would be made easier by the delivery speed of the Internet. Critical 
updates could be posted on the web and downloaded when needed, enabling designers to stay 
current. The web site could also include other kinds of information, such as journal articles or 
materials specifications, that designers might find valuable in review of literature. 
Standards for Analysis 
Standards that indicate the amount of environmental impact need to be developed. It would 
be difficult to get all the producers of packaging and products, all the designers of packaging and 
products, and all the environmental experts to agree on a single set of standards. Similarly, there 
may be problems related to the measurement of impact. However, it is clear that any standard 
should be universally applied to any material, process, or location. They should also have universal 
acceptance as well. 
Informing Designers 
Once "TERRA eco design tool" is in Beta version, it needs to be publicized, so designers are 
aware of the existence of the tool. The publicity should also remind them of the impact that their 
decisions have. Once purchased, TERRA will need to be used effectively and consistently. 
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Once the software or the web site is available, it is up to the designer to purchase it or to use 
the web site on the internet. Given the right tools, designers must be committed to making 
environmentally conscious decisions. But a single software package, no matter how powerful, can not 
do this alone. There should be a long-term commitment to educating designers at all levels of their 
training about the implications of their design decisions. Once this is accomplished, all decisions will 
be environmental decisions. 
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CHAPTER 5 
CONCLUSION 
The packaging industry is partly responsible for the current situation of increasing 
environmental problems. The urgency of these problems, such as air and water pollution, resource 
depletion, biodiversity and solid waste should drive packaging designers to take action to limit the 
impact of packaging on the environment. Choosing the right material, using minimum packaging, 
designing refillable and reuseable containers, creating a secondary use for packaging and reducing 
the number of containers are some of the actions designers can take. 
By observing the quantity of over-packaged products and those with poorly designed 
packages, it is obvious that many packaging designers ignore their responsibility to the environment. 
They need to be more informed about the environmental impact of their design decisions. 
This research shows that the existing sources of information such as books, environmental 
consultants, software programs and web sites have not significantly improved the way designers think 
or deal with the environment. There is a need for a tool that can assist, inform and educate packaging 
designers about the impact of their design choices in the environment. The suggested interface 
prototype ''TERRA eco design tool" satisfies this needs by communicating information in a way that 
appeals to designers. 
TERRA helps designers to identify the best materials based on the package's properties. It 
not only informs designers about the environmental impact of the product, but it also suggests a more 
environmentally friendly option. 
The development of ''TERRA eco design tool" is an appropriate response to the needs 
identified in this research. Upon TERRA's completion, it will be in the packaging designers' hands to 
do their part for the environment. 
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